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® Amplification capture assay. 

@ Disclosed are compositions for the determination 
of complementary single-stranded target nucleic ac- 
ids in a sample to be tested. Also disclosed are 
methods for the detection of single-stranded target 
genetic material in a sample to be tested which use 
the compositions of the Invention. The methods and 
compositions are also disclosed for the detection of 
HIV and Epstetn-Barr virus. 
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AMPLIFICATION CAPTURE ASSAY 



Tlta present invention relates to the field of hybridization assays for the determination of specific nucleic 
acids in a sample. More particularly, It relates to improvements in combining amplification procedures and 
multiprobe hybridization assays. 

The development of specific binding assay techniques has provided extremely useful analytical 

6 methods for detemninlng various substances of diagnostic, medical, environmental and industrial impdance 
which appear in various liquid or solid (e.g.. tissue) samples at very low concentrations. Specific binding 
assays are based on the specific interaction between a bindabie analyte under determination and a binding 
partner therefor, la. anaiyte-specific moiety. The binding of Ihe anaiyte-specific moiety and interaction of 
any additionai reagents, necessary, effect a mechanical separation of bound and unbound labeled analyte 

10 or affect the label in such a way as to modulate the detectable signal. The former situation is nonnaliy 
referred to as heterogeneous and the latter as homogeneous, in that the latter does not require a separation 
step. 

Where either the analyte or its binding partner is a target nucleic acid sequence and the other is a 
compiementary nucleic acid sequence, the assay is known as a nucleic acid hybridization assay. See. 

16 generally. Falicow et aJ, U,S, Patent No. 4,358.536; Kourilsky et al, U.S. Patent No. 4,581.333; Aibarelia et ai. 
U.S. Patent No.4,563,417 and Paau et al. U.S. Patent No, 4.556,643. 

in conventional label conjugate specific binding assay techniques, a sample of the liquid medium to be 
assayed is combined wfth vanous reagent compositions. Such compositions include a label conjugate 
comprising a binding component incorporatad with a label. The binding component in the conjugate 

20 participates with other constituents, if any, of the reagent composition and the iigand in the medium under 
assay to fonm a binding reaction system producing two species or forms of the conjugate, e.g., a bound- 
species (conjugate complex) and a free-species, in the bound-species, the binding component of the 
conjugate Is bound by a corresponding binding partner whereas in the free species, the binding component 
is not so bound. The amount or proportion of the conjugate that results in the bound species compared to 

25 the free species is a function of the presence (or amount) of the analyte to be detected in the test sample. 

An altemative format for specific binding assays is the ''sandwich" assay protocol in which the target 
analyte is bound between a first specific binding partner, which is fixed directly or through a linkage group 
to a solid matrix, and a second specific binding partner, which is associated with a^ signal generating or 
labeling system. When both the first and second specific binding partners are oligo- or polynucleotides and 

30 the target is a nucleic acid, the assay is i<nown as a sandwich hybridization assay See, generally. Ranki et 
al, U.S. Patent No. 4.486.539 and Ranki et al, U.S. Patent No,4,5S3,419. See also. Vlrtanen ot al, Novel test 
for Yirai diagnosis: Detection of adenovirus in nasopharyngeal mucus aspirates by means of nucteic-actd 
sahdwichTiybridisation . Lancetri:3ai"383 (19837 and HankTit aL. Sandwich hybridization as a convenient 
method for the detection of nucleic acid in crude samples . Gene, ^-^7-35 (1983). 

35 UrSeiTeTai., A novel method forTfie TapTc Tdetection of specific nucleotide sequences in crude biological 
samples without 'blotting or radioactivity: application to lhe analysis of hepatitis B virus in human serum . 
Gene, 61:253-264 (1987)~describes an in solution hybridization which utilizes a multiplicity of soluble 
oligonuciuotide probes. The method disclosed therein uses an in solution hybridization with two sets of 
probes comprised of 48 different hepatitis virus-specific sequences. One set of probes (the A probe set) has 

40 a nucleotide sequence comprised of a target-specific region and a non-homopoiymeric capture-specific 
region. The non-homopolymeric capture-specific region of this probe set is complementary to a capturing 
nucleotide sequence that is labeled with biotin and is bindabie by avidin-modified beads. The other set of 
probes (the 8 probe set) has a nucleotide sequence comprised of a target-specific region and another non- 
homopoiymeric non-target-specific region. This non-homopolymeric non-target-specffic region is com- 

45 plementary to a label capturing nucleotide multimer sequence. The label capturing nucleotide multimer 
sequence itself has a region of complementarity to the non-homopolymeric non-target-specific region as 
well as a region complementary to a signaling oligonucleotide tiiat is labeled with the signaling agent, 
horseradish peroxidase. Following in solution hybridization of target nucleic acids with probe sets A and B. 
the hybridized complex is tiien hybridized to tiie biotih-iabeled capture probe, which in turn is tiien bound 

50 by the avidin-modified beads. The matrix bound complex is allowed to hybridize with the label capturing 
nucleotide multimer sequence and than with the signaling oligonucleotide. The amount of bound hybridized 
complex is detenmined by the presence of horseradish peroxidase. The method disclosed in this wori< 
required synthesis of 51 different oligonucleotides: 48 different target-specific probes with their attached 
non-homopolymeric regions, the capturing probe, the label capturing nucleotide multimer. and the signaling 
probe, it also required the modification of the latter three probes with biotih, witii crosslinking reagents and 



with horseradish peroxidasei respectively. The authors demonstrate a sensitivity that was proportiona! to the 
number of different probes. 

Zivln and Monahan, EPO Pubi, No, 0 305 145, published March 1, 1989, discloses an in solution 
sandwich hybridization methcnJ which atliizes two soluble oligonucleotide probes. One of the probes has a 

5 homopoiynucieotide tail which Is captured by a solid support coated with a complementary homo- 
glynucleotide and the other probe is a detectable probe complementary to a different region of the target. A 
target nucleic acid sequence Is permitted to hybridize in solution with the two probes. Only after 
hybridization is complete is the sample containing the hybridized complex brought into contact with and 
captured by an Insoluble solid support Commonly assigned, co-pending U.S. patent application serial no. 

10 006.377. filed January 15. 1987 also discloses sandwich hybridization and is incorporated herein by 
reference, 

SevaraJ early methodologies for the amplification of nucleic acids are Icnown. See, for example, Olson, 
0t a!.. Enzymatic Amplification of a Chemically Synthesized DNA Fragment, Nucleic Acids Research, 243- 
60 (1975):Panet and Khorania,"Studies on" Polynucleotides. The Linkage of Deoxyribopoiynucleotide to 

76 Cellulose and Its Use In their Replication, J, Biol. Chem., "249:521 3-522r (1974); Gefter, et al., DNA 
Synthesis irvCeT'Free'Extracts. Part 3: Catalytic Properties of DNA Polymerase I!, J. SioL Chem. , 247:332P 
3326 (1972): and Kleppe. et al.,' Studies on Polynucleotide's, part 96. Repair""replication of short synthetic 
DMAs as catalyzed by DNA polymerases , J. MoL Biol., 56:341-361 (1971). 

Another, more recent, methodology is the polymerase chain reaction (PCR) procedure, which has 

20 become a vaiuable technique to make available larger quantities of nucleic acids naturally occuring in 
minute amounts. Briefly, the PCR procedure Is as follows. Separate (single - stranded) complementary 
strands of a target to be copied are each treated with a molar excess of oligonucleotide primers 
complementary to opposite ends of the two strands (e.g., each primer is a 5'-primer). If the original target is 
double-stranded it must first be rendered single-stranded. The primers are e>ctended by adding individual 

25 nucleotides and an appropriate polymerase or reverse transcriptase to form complementary primer 
extension products. Once the primer extension product is formed, each of the duplicate double-stranded 
intermediate products is melted (denatured) to single-strand form. The extension product synthesized front 
one primer when separated from its complement and hybridized to the other primer becomes a template for 
synthesis of the extension product of the other primer. See, Muiiis et aL, U.S. Patent Nos. 4,683,195 and 

30 4,683^02, 

In most applications of PGR, the amplified DNAs are analyzed by Southern or dot blot hybridization to 
radiolabeled or biotin labeled probes. See, for example, Ou et al., DNA amplification for direct detection of 
HIV-1 in DNA of peripheral blood mononuclear cells , Science, 239:292-295 (1985)rgaiki et aL> PrimeT^ 
directed" enzyrnatlc amplification of DNA with a thenriostable DNA polymerase . Science, 239:487-491 

35 (1988); Higuchi et ai.T DNA typing IrorrT^nglelialrs , Nature. 332:543-546 {1988); and Bugawan et al., The 
use of non-radioactive oligonucieotide probes to analyze enzymatically amplified DNA for prenataj diagnosis 
and f orensic HLA typing , Biotechnology, 6:94jH947 (1988). Because such procedures can take 2-3 days to 
complete, they are generally unsuitable for use in high volume applications, clinicaKesting situations and, 
are particularly unsuitable for application to automated instrumentation, 

40 Describing another amplification system, Uzardi et al„ Exponential Amplification of Recombinant-RNA 
Hybridization Probes , Biotechnology, 6:1197-1202 (1988) report having synthesized recombinant RNA 
molecules that function both as hybridization probes and as templates for exponential amplification by 
QBeta replicase. Each recombinant consists of a sequence specific for the protozoan parasite, Plasmodium 
falciparum , embedded within the sequence of MDV-1 RNA. which is a natural template for QBeta replicase. 

45 The probe sequence was inserted within a hairpin loop that occurs on the exterior of MDV-I RNA, The 
recombinant RNAs hybridize specifically to complementary DNA, despite topological constraints on the 
probe domain, are r&pUcated at ^e same rate as the I^DV-j RNA, despite their additional length, and are 
able to serve as templates for the synthesis of a iarge number of RNA copies. The results are said to 
demonstrate the feasibility of employing exponentially replicable RNAs in bioassays where they would sen/e 

50 the dual role of specific probe and amplrfiable reporter. These assays may suffer from non-target-specific 
amplification of non-specificaliy hybridized or trapped dual role probe/amplifiable reporter. 

Kemp et al, Colorimetric detection of specific DNA segments amplified by polymerase chain reactions , 
Proc. Natl, Acad- Sci, USA, 86:2423-2427 (1989) describes an assay for colorimetric detection of amplified 
DNA, The target DNA is first"amplified by PCR, and then a second set of oligonucleotides, nested between 

66 the first two. is incorporated by three or more PCR cycles. These oligonucleotides bear ligands: for 
example, one can be biotinylated and the other can contain a site for a double-stranded DNA-binding 
protein. After linkage to an immobilized affinity reagent (such as a cloned DNA binding protein) and labeling 
wifri a second affintt/ reagent (for example, avidin) linked to horseradish peroxidase, reaction with a 
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chromogenic substrate allows detection of the amplified DNA. 

Keller and Khan, identification of HIV s equences using nucleic acid probes, Am. Clinical Labs, 
(November 1988) discusses recently developed methods foFthe"d0tection of iWTviral nucleic acid. One 
method described begins by using polymerase chain reaction on HIV-1 provirus which exists either as 

5 Integrated or ©pisoma! DNA, They note that viraJ RNA can also be specifically amplified with some 
additional steps, citing Salici et aL. supra . The RNA template is either viral mRNA or packaged virion RNA, 
A cDNA copy of the viral RNA is synthesized using the PGR primers and reverse transcriptase. The authors 
indicate that the detection formats should probably be modified to provide simpler but more reliable tests. 
Sandwich hybridization is mentioned as an alternative and a conventional sandwich h>bridi2ation scheme is 

TO illustrated but no specifications are provided. 

Kwoh et al.. Transcrlption-based amplification system and detection of amplified human im- 
munodefidency virus type 1^ with a bead-based sandwich hybricEation format, Proc. Mati. Acad. Sci. USA 
86:1173-1177 (1989) discloses a transcription-based amplification system (TAS). Each cycle is composed of 
two steps. The first is a cDNA synthesis step that produces one copy of a doubie-stranded DNA template 

75 for each copy of RNA or DNA target nucleic acid. During the course of this cDNA synthesis step, a 
sequence recognized by a DNA-dependent RNA polymerase is inserted into the cDNA copy of the target to 
be amplified. The second step is the amplification of the target sequence by the transcription of the cDNA 
template into multiple copies of RNA. This procedure has been applied to the detection of HIV-1, Detection 
of the TAS-generated RNA from HiV-1 infected ceils can be accomplished by a bead-based sandwich 

20 hybridization protocol. Sephacryl beads containing oiigonucleotide were prepared as described in Ghosh 
and Musso. Covaie nt atta chment of oligonucleotides to solid support s. Nucleic Acids Research.l 5:5353- 
5372 (1987), This bead -bound oiigonudeotida""was used*"^capture the 7'AS-ampiif1ed HIV-1 sequences 
after these targets had hybncH^z&d to a ^^PAabeled dateciion oligonucieotide. 

Notwithstanding these efforts, much room for improvement remains in achieving the combination of 

25 desirable attributes present in certain of these methodologies which are not present in others. 

in accordance with the present invention it has been recognized that simplified compositions and 
methods for detection of ampirfied nucleic acid sequences are required to fully exploit the documented 
utility of the amplification of specific DNA sequences. In accordance with the present invention, the 
following criteria have been fulfilled, it Is sufficiently sensitive so that the rounds of amplification are kept to 

30 a minimum, it is suitably specific so that any nonspecific amplification is not erroneously scored as positive. 
It is adaptabie to high volume and clinical testing appiicattons, most preferably being readily adaptable to 
automation. 

Further advantages of certain embodiments are that they provide methodologies for estimation of the 
efficiency of amplification so that negative results for the sequences of interest are scored as negative with 
35 increased confidence. Such systems also readily allow simplifiod methods for the amplification and 
detection of a plurality of target nucleic acid sequences within one sample and in a single assay operation. 
Additional advantages of such methods are that they provide simple, non-hazardous methodologies for 
partial purification of the target nucleic acids sequences of interest prior to initiation of the amplification 
cycles. 

40 Fig. 1 is an illustration of the Epstein-Ban- virus DNA structure and the oiigonucleotide sequences used 
for amplification/hybrid capture assays. The IR1 repeat is enlarged to show the location of the 
oligonucleotide primers and probes. Listed in the lower portion of the figure are the sequences of 
oligonucleotides 1-6. 

Rg. 2 is a graph which illustrates the sensitivity and specificity of the hybrid capture assay using 
45 unampiified nucleic acid target sequences. From 0.78 ng to 50 ng of the target plasmid DNA, pCFI, were 
assayed by hybrid capture with the oligonucleotide pairs, EBV 2 and poly T-tailed EBV 3 (open squares) or 
EBV 4 and poly T-taiied EBV 5(cIosed squares). Hybridization of equivalent amounts of pAK8 DNA with 
either of the oligonucleotide pairs generated backgrourid absorbance readings (open circles). 

Rg. 3 is a gnaph which Illustrates the detection of ampirfied EBV sequences by hybrid capture. One pg 
so of pCFI and pAK8 DNA were subjected to 25 rounds of amplification. Portions of tiie amplification reaction 
mixtures equivalent to 78 attograms to 2.5 femtograms of starting plasmid DNA were assayed by hybrid 
capture using EBV 5 as the capture oligonucleotide and poly T-taiied EBV 4 as the sigr]al oligonucleotide. 
Unampiified pCFI (0.625 ng - 20 ng) was assayed using the same oligonucleotide pair in order to generate 
a standard. 

66 Rg. 4 is a graph which Illustrates the relative increase In tiie amount of target DNA during tiie 
enzymatic amplification of nucleic acid sequences. Ten pg of pCF1 and pAKS DNA were subjected to 0-35 
rounds of amplification. At Intervals of 5 rounds, amplification reactions were terminated and asayed by 
hybrid capture using EBV 5 and poly T-tailed EBV 4. From 1.25 ng to 40 ng of unampiified pCFI was also 
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assayed by hybrid capture to generate a standard curve by which to estinnate efficiencies of amplification. 

Rg, 5 is a diagram which illustrates pre-captura and amplification of target nucleic acid sequences. Fig. 
5A illustrates the region of target nucleic acid In a DNA target. Pre-capture, primer and probe 
oligonucleotides are Illustrated by the lines above and below the DNA duplex. A through D contain 
representative sequences that are the same sequences as those contained In the strand of DNA illustrated 
by a solid line. E through H contain representative sequences that are the same sequences as those 
contained in the strand of DNA illustrated by a hatched line. In Rg. 58, pre-capture probes A and H are 
shown linked to beads as described in the text. They are hybridized to the target DNA strands. After 
washing of the* bead-bond hybrids, amplification is carried out using the pre capture probes A and H (three 
rounds are illustrated), resulting in amplified DNA sequences linked to the bead-bound, pre-capture 
sequences A and H. Detection of ^.e amplified nucleic acid sequences is carried out by hybridization and 
detection of bound signal probes B, C, D. E, F or G. In Rg. 5C bead-bound, pre-capture probes A and H 
are modified at ttie 3'terminl, illustrated by the darkened ball at the end of the oligonucleotides. Following 
washing of the bead-bound hybrids of target nucleic acid and tiie pre-capture probes, amplification is 
carried out in the presence of primers B and G, Following amplification (3 rounds are illustrated) probe pairs 
C and D and/or E and F are used for detection of the amplified nucleic acid sequences that are not linked 
to the beads. In Rgs, SB and 5C, DNA synthesized during the polymerization steps of the rounds of 
amplification are shown as thickened solid or hatched iines. 

As previously noted, the present invention provides compositions and methods for determining the 
presence or absence of nucleic acid analytes in a sample. 

Sample fluids on which tests are performed include biological, phy^ioiogicai, Industna], environmental, 
and other t/pes of liquids. Of particular interest are biological fluids such as serum, plasma, urine, 
cerebrospinal fluid, saliva, mifk broth and other cuiiure madia and supernatants as well as mixtures or 
fractions of any of them. Physiological fluids of interest include infusion solutions, buffers, preservative or 
antimicrobiai solutions and the like. Industrial liquids include fermentation media and other processing 
liquids used, for example, in the manufacture of phannnaceuticals. dairy products and malt beverages. Other 
sources of sample fluid which are tested by conventional methods are contemplated by this term as used 
and can t>e assayed in accordance with the invention. Also contemplated for testing are tissue samples, 
including for example, hair, biopsy or tissue section samples, whether fresh, frozen or parafli'n embedded. 

The term "analyte'' or ''target" refers to any nucleic acid-containing substance whose presence is to be 
qualitatively or quantitativeiy determined in a sample fluid. The analyte usually is an oiigo- or polynucleotide 
for which a complementary nucleic acid sequence exists or can be prepared. The analyte or target is 
usually an RNA or DNA. 

The terms "matrix" or "test" zone** refer to a carrier or substrate, such as a microscope slide, microtiter 
weil. particle' or ttie like which is insoluble in and maintains its structural Integrity when exposed to test 
samples, water or physiological fluids and reagents used In their testing. Suitable matenai^^ inciude glass or 
organo-plastic materials, such as polystyrene, polypropylene or the like. 

The terms "universal detection'*, "universal labai-capiuring moiety" and "universal iaber refer to the 
labeling system described in the commonly assigned, co-pending application to Pergolizzi, et al.. entitled 
Assay Method Utilizing Polynucleotide Sequences, which has U.S. serial no. 922 and was filed on 
October 24, 1986. The disclosure of this application is incorporated herein by reference. 

Ampfifying the copy number as described above can be, for example, by polymerase chain reaction or 
otherwise reproducing the genotypically specific portion of the nucleic acid material (e.g., transcription- 
based amplification). 

Examples of the first and second entities, referred to below, include those wherein: one entity is a 
ligand and the other entity is a receptor therefor; the first and second entities are complementary 
polynucleotide homopolymers; one entity is an antigen or hapten and the other entity is an antibody or 
specific binding fragment thereof for the antigen or hapten; one entity is a hormone and the other entity Is a 
receptor therefor; one entity is an enzyme and the other entity is an inhibitor thereof; one entity is an 
apoenzyme and the other entity is a cofactor therefor; one entity is a sugar and the other entity is a lectin 
which is specifically bindable therewith; and one entity Is avidin or streptavidin and the other entity is biotin 
or a binding analog thereof. 

In one aspect, the invention provides a composition for the determination of single-stranded target 
nucleic acids in a sample to be tested. The composition comprises (i) an oligonucleotide primer for each 
single-stranded target nucleic acid of interest, which primer Is capable of annealing selectively to a 
complementary portion of the single strand of target nucleic acid; Q\) mononucleotides of each of the four 
nucleic acid bases; flii) nucleic acid polymerases capable of producing an extension product from the 
primer and mononucleutides which is complementary to the single strand of target nucleic acid to which the 
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primer Is annealed to provide amplified nucleic acid sequences; (iv) a first polynucleotide probe comprising 
a universal label-capturing moiety attached to a first slngie-stranded polynucleotide segment which Is 
hybridizable with a first portion of the target nucleic acid; (v) a second polynucleotide probe comprising a 
second single-stranded poiynucleotida segment hybridizable with a second portion of the target nucleic 

a; acid; (vi) a matrix to which the second polynucleotide probe is affixed; and (vii) a universal label capturable 
by the first univarsai labeiKi^pturing moiety when tfie first polynucleotide probe is captured by hybridization 
to an amplified target nucleic acid sequence which is captured by hybridization with the matrix-affixed 
second polynucleotide probe. 

Further related to this aspect, the present invention provides a method for the determination of single- 
to stranded target nucleic acid in a sample to be tested. The method comprises (a) amplifying the copy 
number of the target nucleic acid; (b) contacting, under conditions penmissive of hybridization, the amplified 
copy number of the target nucleic acid with a first polynucleotide probe comprising a first universal label- 
capturing moiety attached to a first single-stranded polynucleotide segment, the first single-stranded 
polynucleotide segment being hybridizable with a first portion of the target nucleic acid so as to form a 

IS hybrid; (c) contacting, under conditions permissive of hybridization, any hybrid so-formed witii a matrix- 
affixed second polynucleotide probe comprising a second single-stranded polynucleotide segment 
hybritiizable witii a second portion of the target nucleic acid so as to form a bound complex; and (d) 
separating, if 'necessary, the bound complex from any unbound nucleic acid; and (e) determining the 
presence or absence of the amplified target nucleic acid by capturing and observing the presence or 

20 absence of the universal label. 

In a second aspect, the invention provides a composition for the determination of singli^stranded target 
nucleic acids in a sample to be tested. This composition comprises (i) an oligonucleotide primer for each 
single-stranded target nucleic acid of interest, which primer is capable of annealing seiectivGiy to a 
complementary portion of the single strands of target nucleic acid; (ii) mononucleotides of each of the four 

25 nucleic acid bases; (iii) nucleic acid polymerases capable of producing an extension product from the 
primer and mononucleotides which is complementary to the single strand of target nucleic acid to which the 
primer is annealed; (iv) a first polynucleotide probe comprising at least one component of a labeling system 
attached to a first single-stranded polynucleotide segment which is hybridizable with a first portion of the 
target nucleic acid; (v) a second polynucleotide probe comprising a first entity attached to a second single- 

30 stranded polynucleotide segment which is hybridizable with a second portion of the target nucleic acid; aid 
(vi) a matrix having attached thereto a second entity which is specifically bindable with the first entity. 

Further related to this aspect, the present invention provides a method for the determination of single- 
stranded target nucleic acid in a sample to be tested. This method comprises (a) amplifying the copy 
number of tiie target nucleic acid; (b) contacting, under conditions permissive of hybridization, the ampiitied 

3S copy number of the target nucleic acid with (i) a first polynucleotide probe comprising at least one 
compoiiant of a labeling system attached to a first single-^'stranded polynucieotide segment which is 
hybridizable with a first portion of the target nucleic acid. Q\) a second polynucieotide probe comprising a 
first entit/ attached to a second single-stranded polynucleotide segment which is hybridizable witii a second 
portion of tiie target nucleic acid, and (iii) a matrix having attached tiiereto a second entity which is 

40 specificaiiy bindable with tiie first entity; (c) permitting hybridization of tiie tirst and second probes witii any 
of the amplified copy number of the target nucleic acid present and binding of the first entity with the 
second entity to produce a t>ound complex; (d) separating, if necessary, the bound compiex from any 
unbound nucleic acid; and (e) detemniting the presence or absence of the ampiitied target nucleic acid. 
Another aspect of the invention provides for a pre-amplification capture step for improving the efficiency 

46 of amplification and detection of single-stranded target nucleic acid and reagents therefor. One embodiment 
provides a composition which comprises (a) a matrix-attached capture poiynucleotide for each single- 
stranded target nucleic acid of interest, which poiynucleotide is capable of annealing selectively to a 
complementary portion of its target nucleic acid; as well as serving as a primer for its target nucleic acid; 
(b) mononucleotides of each of the four nucleic acid bases; (c) nucleic acid polymerases capable of 

60 producing an extension product from the primer and mononucleotides which is complementary to the single 
strand of target nucleic acid to which the primer is annealed to provide matrix-bound amplified nucleic acid 
aiKJuences; (d) a polynucieotide probe comprising at least one component of a labeling system attached to 
a slngia-straiided polynucieotide segment which is hybridizable with a portion of the amplified, matrix- 
bound target nucleic acid, 

05 Anomer ambodinient of Ms aspect provides a method which comprises (a) contacting so as to permit 
hybrid formation between the single-stranded target nucieic acid and a matrix-affixed capture polynucleotide 
for each single-stranded target nucieic acid of interest; (b) separating the hybridized target nucleic acid from 
the sample; (c) amplifying the copy number of the target nucleic acid to generate matiix bound amplified 
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copy numbers of target nucieic acid; (d) contacting, under conditions pemnlsslvo of hybridization, the 
amplifiod copy numbers with a poiynucleotide probe comprising at least one component of a labeling 
system attached to a single-stranded polynucleotide segment which is hybridizabie with a portion of the 
amplified target nucleic acid; (e) permitting hybridizatior' lo torcn a complex between amplified target nucleic 
acid and probe; (f) separating, if necessary, the bound probe from any unbound nucleic acid; and (g) 
determining the presence or absence of the bound amplified target by observing the bound label. 

Another Bmbo6lment of t}'ns aspect is a composition which comprises (a) a matrix-attached capture 
polynucieotide for each single-stranded target nucleic acid of interest, which polynucleotide is capable of 
annealing selectively to a compiemantary portion of its target nucleic acid; (b) an o?*gonucieotide primer for 
each single-stranded target nucieic acid of interest, which primer Is capable of annealing selectively to a 
complementary por^on of its target nucleic acid; (c) mononucleotides of each of the four nucleic acid bases; 
(d) nucleic acid polymerases capable of producing an extension product fronn the primer and mon- 
onucieotides which is complementary to the single strand of target nudelc acid to which the primer is 
annealed; (e) a fist polynucleotide probe comprising at ieast one component of a labeling system attached 
to a first single-stranded polynucleotide segment which is hybridizable with a first portion of the target 
nucleic acid; (0 a second polynucleotide probe comprising a first entity attached to a second single- 
stranded polynucleotide segment which fs hybridizable with a second portion of the target nucleic acid; and 
(g) a matrix having attached thereto a second entity which is specifically bindable with the first entity. 

Another embodiment of this aspect is a method which comprises (a) contacting the single-stranded 
target nucleic acid, under conditions pemnissive of hybridization, with at least one matrix-attached capture 
polynucleotide for each singia-stranded target nucieic acid of interest, which polynucleotide is capable of 
annealing selectively to a complementary poriSon of its target nucleic acid; (b) separating the hybridized 
target nucieic acid from 'ilia sample; (c; arnpnfying the copy number of the target nuclolc acid by adding 
primer nor>-overiapping with capture sequences to generate unbound amplified copy numbers of target 
nucleic acid; (d) contacting, so as to fonnn a complex, the unbound amplified target nucleic acid with (i) a 
first polynucleotide probe comprising at least one component of a labeling system attached to a first single- 
stranded polynucieotide segment which Is hybridizable with a first portion of the target nucleic acid (ii) a 
second polynucleotide probe comprising a first entity attached to a second single-stranded polynucleotide 
segment hybridizable with a second portion of the target nucieic acid; (a) contacting the complex with a 
matrix having attached thereto a second entity which is specifically bindable with the first entity; (f) 
separating, if necessary, tfje bound complex from any unbound nucieic acid; and (g) determining the 
presence or absence of the bound amplified target nucleic acid by observing the presence of bound label. 

In another aspect, the Invention provides compositions for determining single-stranded target nucieic 
acid and for confinning the efficiency of amplification thereof in a simple containing a maricer nucleic acid 
and suspected of containing target nucleic acid, in one embodiment the composition comprises (a) an 
oligonucleotide primer for each single-stranded target nucieic acid in a reaction zone, which primer is 
capable of annealing selectively to a complementary portion of the single-stranded target nucleic acid; (b) 
an oligonucleotide primer for each single-stranded marker nucleic acid, whose copy number in the sample 
is known, in the reaction zone, which primer is capable of annealing selectively to a complementary portion 
of the single-stranded marker nucieic acid; (c) mononucJeotides of each of tie four nucleic acid bases; (d) 
nucleic acid polymerases capable of producing In the reaction zone extension products from the primers 
and mononucleotides which are complementary to the single strand of target and marker nucleic acids, 
respectively, to which the primers are annealed; (e) a first polynucieotide target probe comprising at least 
one component of a labeling system attached to a first single-stranded poiynucleotide segment hybridizable 
with a first poriaon of the target nucleic acid; (f) a second polynucleotide target probe bound to a first test 
zone separate from the reaction zone and comprising a second single-stranded polynucieotide segment 
hybridizable with a second portion of the target nucJeic add; (g) a first polynucleotide marker probe 
comprising at least one component of a second labeling system attached to a first slngie-stranded 
polynucleotide segment which Is hybridizable with a first portion of the marker nucleic acid; and (h) a 
second polynucleotide mariner probe bound to a second test zone separate from the reaction zone and the 
first test zone and comprising a second single-stranded polynucieotide segment hybridizable with a second 
portion of the marker nucleic acid. 

Anotiier emtxxiiment of this aspect Is a method which comprises (a) contacting the sample in a reaction 
zone with an oligonucleotide primer capable of annealing selectively to a complementary portion of the 
single-stranded target nucleic acid; (b) contacting the sample in the reaction zone containing a known copy 
number of marker nucleic acid with an oligonucleotide primer capable of annealing selectively to a 
ccrnplamentary poriion of ihe mngle-strmded ma^'mr nucleic acid; (c) amplifying the copy number of the 
target and maker nucieic acids in the reaction zone by contact with a nucleic add polymerase; (d) 



contacting In the reaction zone, under conditions permissive of hybridization, the amplified copy number of 
target and marker nucleic acid with (i) a first polynucleotide target probe, comprising at least one 
component of a first labeling system attached to a first singie-stranded polynucieotida segment hybridizable 
with a first portion of the target nucleic acid and (il) a ;t poiynuclaotlde marker probe, comprising at least 
one component of a second labeling system attached to a first single-stranded polynucleotide segment 
hybndizabie with a first portion of the marker nucleic acid; (0) permitting hybridization of the first marker 
and target probes with the amplified copy number of marker nucleic acid and any target nucleic acid which 
may be present, respectively, so as to form marker and target hybrids; (f) contacting a first aliquot of the 
sample so-treated in a first test zone separate from th<d reaction zone with a second polynucleotide target 
probe bound to the first test zone so as to permit hybridization of the second target probe will any of the 
amplified copy number of target nucleic acid present; (g) contacting a second aliquot of the sample so- 
treated in a second test zone separate from the reaction zone and the first test zone with a second 
poiynuciaotide marker probe bound to the second test zone so as to permit hybridization of the second 
marker probe with the amplified copy number of marker nucleic acid; (h) separating, if necessary, from the 
test zones any unbound nucleic acid; and (i) determining the copy number of any target nucleic acid 
present in the first test zone and the copy number of marker nucieic acid in the second test zone, in the 
above embodiments, tile first and second labeling systems can be the same or different. 

Another embodiment of this aspect is a composition which comprises (a) an oligonucientfde primer for 
each single-stranded target nucleic acid in a reaction zone, which primer is capable of annealing selectively 
to a complementan/ portion of the singie-stranded target nucieic acid; (b) an oligonucleotide primer for each 
single-stranded nucieic acid whose copy number in the sample is known, in the reaction zone which primer 
is capable of annealing selectively to a complementary portion of the single-stranded marker nucieic acid; 

mononucleotides of each of the four nucleic acid bases; (d) nucieic acid polymerases capable of 
producing in the reaction zone extension products from the primers and mononucleotides which are 
complementary to the single strands of target and marker nucleic acids, respectively, to which the primers 
are annealed; (e) a first polynucleotide target probe comprising at least one component of a first labeling 
system attached to a first singie-stranded polynucleotide segment hybridizable with a first portion of the 
target nucieic acid; (f) a second poiynucieotide target probe comprising a first entity attached to a second 
singie-stranded polynucleotide segment hybndizabie '^ixh a second portion of the target nucleic acid; (g) a 
target test zone having bound thereto a second entity which is specificaily bindable with the first entity: (n) a 
first polynucleotide marker probe comprising at least one component of a second labeling system attached 
to a first single-stranded polynucleotide segment hybridizable with a first portion of the marker nucleic acid; 

(i) a second poiynucieotide marker probe comprising a third entity attached to a second singie-stranded 
polynucleotide segment hybridizable with a second portion of the marker nucleic acid; and (j) a target test 
zone having bound thereto a fourth entity which is specifically bindable with the Mrd en^ty. 

in the above embcdiment, the first and second labeling systems can be the same where the first and ^ 
second binding entity pair is different from the third and forth binding entity pair, Alternativeiy, where the 
first and second labeling systems are distinguishably different, the first and second binding entity pair can 
be the same as the third aj'id forth binding entity pair. 

Another embodiment of this aspect is a method which comprises (a) contacting the simple with an 
oligonucleotide primer for each single-stranded target nucieic acid in a reaction zone* which primer is 
capable of annealing selectively to a complementary portion of the single-stranded target nucleic acid;, (b) 
contacting the sample with an oligonucleotide primer for each singie-stranded marker nucleic acid in the 
reaction zone, the copy number of which in the sample is known, which primer Is capable of annealing 
seiectiveiy to a complementary portion of the single-stranded marker nucleic acid; (c) amplifying in the 
reaction zone the copy number of the target and marker nucleic acids in tine sample by contacting the 
sample with a nucleic acid polymerase; (d) contacting in the reaction zone, under conditions permissive of 
hybridization, the amplrfied copy number of target nucleic acid with (i) a first poiynucieotide target probe 
comprising a label moiety and a first single-sti-anded poiynucieotide segment hybridizable with a first 
portion of the target nucleic acid attached to the label moiety and (ii) a second polynucleotide target probe 
comprising a second single-stranded polynucleotide segment hybridizable with a second portion of the 
target nucleic acid and a first entity attached to the second poiynucieotide segment; (e) contacting in the 
reaction zone, under conditions pemnissive of hybridization, tine amplified copy number of marker nucleic 
acid with (i) a first poiynucieotide marker probe comprising a label moiety and a first singie-stranded 
polynucleotide segment hybridizible with a first portion of the mari<er nucleic acid attached to the label and 

(ii) a second polynucleotide marker probe comprising a second single-stranded polynucleotide segment 
hybridizable witii a second portion of the marker nucleic acid and a third entity attached to tiie second 
polynucleotide segment; (f) permitting hybridization of (1) the first and second target probes with any of the 



amplified copy number of target nucleic acid present and (il) the first and second mar^<er probes with the 
^^p ified copy number of maLr nucleic acid present: (g) contacting an aliquot of tt,e s^ple as treated .n 
Tern (a)-{0 with a second entity spocificaily bindable with the first entity in a fl^t test zone which .s 
ipa^^a e from ttie reaction zone and to which the .econd entity Is bound: (h) contacting another a ,quot of 
; sample as treated in steps (aHf) with a fourth enti^y speciflcaiiy bindabie wrth tiie th.rd enti y m a 
Second test zone which is separate from the reaction zone and first test zone and to wh.ch the fourth ent, y 
is bound: (i) separating nucleic acid bound to a test zone from any unbound nucleic acd. and 0) 
determining the copy number of the amplified marker nucleic acid and the presence or absence of any 

target ""^^^^^^f;^ ^^^^^^^ i^^^^tion provides a composition for the amplification and detection 

of a plurality of singie-stranded target nucleic acid sequences In a sample to be tested Multiple sets erf 
polynucleotide primers allow the specific amplification of more than one target nucleic acid sequence wittMn 
a single amplification reaction mixture and the use of multiple sets of first and second polynucleotida 
probes allows for the detection of more than one species of amplified target nucleic acid sequence. These 
5 compositions are useful for simplifying the detemiination of efficiency of an amplification reaction in order to 
establish reliability of negative results. They are also useful for performing more than one detemnination at a 

time on a particular simple to be tested. ^ r t r+ * 

in one embodiment, the invention provides a composition for the determination o a plurality of single- 
stranded target nucleic acids In a sample to be tested. This composition comprises (a) an ol.gonucleoftde 

.0 primer for each single-stranded target nucleic acid of interest, each of which primers is capable of annealing 
selectively to a complementary portion of one of the single strands of target nucleic aad {b) mcn- 
onucieotidos of each of the tour nucleic acid bases; (c) nucleic acid polymerases capable of Producing >n a 
reaction zone extension products from the primers and mononucleotides which extension products are 
complementary to the single strand of target nucleic acid to which a parbcular pnmer ,s annealed, (d) a fi st 
S^nucleotide probe tor each of the nucleic acid targets comprising a label moiety and a finge- 
Siided polynucleotide segment attached to the label moiety, each of "^'^^^^^^f^ P^'^" 

nucleotide segment being hybridizable with a first portion of Its respective target nucleic ac.d (e) a second 
oolvn^leotid? probe fo? each of the nucleic acid targets comprising a second single-stranded poly- 
nuSde segn^ent hybridizable with a second portion of its target nucleic acid and being bound to a tost 

?o 7onQ separate from each of the other target nucleic acid test zones. , ^( 

in another embodiment of this aspect, the invention provides a connposttion tor ^^^^^'^l^^^J^^^IS' 
single-stranded target nucleic acids in a sample to be tested. This composition compnses (a) an 
o igonudeotide prirSer for each single-stranded target nucleic acid of interest, each of wh.ch Pnmerv s 
caSble of annealing selectively to a complementary portion of one of the single strands of target nucleic 

35 ad^t) rlononucleot des of each of the four nucleic acid bases: (c) nucleic acid polymerases capable of 
pSudng in a reaction zone extension products from the primers and mononucleotides, which extension 
Ss are complementary to the single strand of target nucleic acid to which a P^^-cular pnmer is 
!aineaied; /d) a first polynucleotide probe for each of the nucleic add targets compnsing a label attached to 
a ist slnglelst^anded polynucleotide segment hybridizable with a first portion of its target n"-.'^-^;-'^ (^)J 

.0 second tSlynucleotide probe tor each of the nucleic acid targets comprising a second single-stranded 
po?,nucle^re segment^^^^^ with a second portion of Its target nucleic acid and a ^peatic^^nd^ng 

Sty attached to the second polynucleotide segment: and (f) a plurality of test zones each separate from 
ruction zone and each of the other test zones and each having attached thereto a binding Partner tha 
S bind only wtth the specific binding entity attached to the second probe for me target nucleic acid of 

if another aspect the invention provides a composition and method that combine tiie attributes of 
amplification with those of hybridization agglutination. Hybridization agglutination "f r*^'^ ^^Jh tf, 
Smmonly assigned. co~pending application to Engelhardt and l^bani. entitied Hybnd.zation Metinod for 
me ZSion ^ Genetic Materiarwhich was filed on January 15^ 1987 as U.S. ^-J J. "^^^^^ 

60 disclosure of this application is Incorporated herein by reference. This application fr^"',!;' ® -!!'?^' 

SL. 6^.816 (filed iptembor 24. 1984). which is derived from U.S. serial no. 605.022 filed April 27 1^ 

One embodiment of this aspect Is a composition which comprises (a) an ^^f^^^^'^'^^^^^^^ZZ to a 
single-stranded target nucleic acid of interest, which primer is capable of annealing sele^*;; ^ 
SpTementary porton of the single sti-and of target nucleic acid: (b) ^omnudeotde.oi Bac^ ofmeio^^ 

as nSc acid l^S^: (O nucleic aciS polymerases capable of produdng an extension product fro,^ me pnme 
^d rnon^nucleotides which Is complementary to the single strand of target nucleic add to v^^-ch the pnme 
^annealed to provide amplified nucleic add sequences: (d) a first polynucleotide probe compnsing a first 
paSle to which is attadied a plurality of first single-stranded polynudeotide segments complementary to a 
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first portion of ttie target nucleic acid; and (e) a second polynucleotide probe comprising a second particle 

having attached thereto a plurality of second single-stranded polynucleotide segments complementary to a 

second portion of the target nucleic acid. 

Another embodiment of this aspect provides a which method the steps of (a) amplifying the copy 
5 number of the target nucleic acid; (b) contacting, under conditions pemnissive of hybridization, the target 

nucleic acid with (!) a first polynucleotide probe comprising a first particle to which is attached a plurality of 

first single-stranded polynucleotide segments complementary to a first portion of the target nucleic acid. 

and (ii) a second polynucleotide probe comprising a second particle having attached thereto a plurality of 

second single-stranded poiynucleotide segments complementary to a second portion of the target nucleic 
70 acid; (c) pemfiitting hybridization of the first polynucleotide segments to the first portion of target nucleic 

acid and the second segments to the second portion of target nucleic acid the hybridizations resulting in 

agglutination; and (d) detecting the agglutination. 

Epsteln-Barr virus (E8V) sequences contained in purified preparations of plasmid DNA as well as in 

crude cell iysates of EBV-infected lymphoid cell cultures were enzymatically amplified by the polymerase 
15 chain reaction technique and detected by hybrid capture. 

Reagents 

Chemical reagents were purchased from Aidrich Co. unless otiierwise stated. Detek 1-hrp, Detek-1 alk. 

20 BioBridge A, terminal deoxynucieotide transferase and biotin-11-dUTP were from En20~Biochom. inc, 
Thermus aquaticus (Tag) polymerase was purchased from Perkin-Eimer/Cetus. pUC18 was obtained from 
International Biotechnologies. Inc. Deoxynucieoslde triphosphates and dextran sutfate were obtained from 
Ph2u*mada, Orthophenylenediamine dihydrochloride (OPD), porcine skin gelatin, hydrogen peroxide, 
Sephadex G-25 and Triton X-1 00 were obtained from Sigma. Immulon 2 microtiter plates were purchased 

25 from Dynatech. Formamide was obtained from Fluka. RPMI 1640 culture medium and heat inactivated fetal 
bovine serum were purchased from Gibco. Biodyne B membranes were purchased from Pail Corporation. 
NuSieve agarose and Seakem agarose were purchased from FMC. 

The buffers used in the hybridization and detection assays were prepared from the following stuck 
solutions: 1) 20X SSC containing 3U NaCi, sodium citrate; 2) 2GX SSPE containing 3,8M NaCl, 0.2M 

30 sodium phosphate buffer, pH 7.4, and 0.02M ethylenediamine tetraacetic acid (EDTA); 3) Citrate phosphate 
buffer, pH 5.3. containing 0,05M citric add and 0.1 M Na2HP04 combined to give a pH of 5.3; 4) 10X PBS 
containing 1,5M NaCI. 0.1 M sodium phosphate buffer. pH 72; and 5) Denhardt*s solution containing 1% 
Rcoll. 1% polyvinylpyrrolidone and 1% bovine serum albumin. 

3S Oligonucleotide Syntiiesis Purification and Labeling 

Oligonucleotides were synthesized on an Applied Biosystems, Inc. instrument, model 380 B, by the 
phosphoramidste mathccL BoUi 0,2 urno! and 1 umo\ synthesis cycles were employed. The cyanoethyl 
phosphoramidites and reagents were used as recommended by the manufacturer. Phosphoramidite addi- 

40 tions during chain elongation were monitored by release of trityl cation. A procedure which left tiie 5'- 
hydroxyl protected as a dimethoxytrityi ether after the oligonucleotide was cleaved from the support was 
used. Following synthesis and cleavage from the support, the oligomers were deprotected by treatment with 
ammonia at 55 C ovemlght and the solutions were subsequentiy evaporated to dryness. 

5'-0-dimethoxytrity! oligonucleotides were redissolved in 1 ml of 10 mM triethylammonium bicarbonate, 

45 pH 7,5-9.0, and were purified using a Whatman Partisil M-20 ODS-3 (Cib, semi-preparative) HPLC column. 
The column was equilibrated in acetonitriie:0.1 M triethylammonium acetate. pH 7.0 (TEAA) at 1:99. Up to 
75 absorbance units (260 nm) were injected onto the column. The oligonucleotides were eluted at a flow 
rate of 4 ml/minute using 1:99 acetonitrile:TEAA for 1 minute followed by a linear gradient of 1 to 30% 
acetonitrile over 20 minutes. The tritylated oligomers eluted as single peaks at retention times raging from 

60 19 to 23 minutes. After evaporation of solvent, oligomers were detrrtyiated by dissolution in 0.5 ml 80% 
acetic acid for 20 minutes and subsequentiy lyophiiized, Rnal purification was achieved by Sephadex G-25 
chrornatcgmphy In 10 mM ammonium acetate. Fractions containing oligomers were iyophiiized and 
resuspended In sterile water. 

Oligonucleotides were 3' terminally labeled with approximately 3-4 biotin-11-dUTP residues per moi- 

S5* ©cule as previously described by Cook et al.. Synthesis and Hybridization of a Series of Biotinylated 
OHgonucieotides . Nucleic Acids Research. 16:4077-4095 (19B8). Signal oligonucleotides for hybrid capture 
assays were 3*-tQrminally labeled with a polymer of TMP in reaction mixtures containing 0.2M potassium 
cacodylate buffer, pH 7.2, 1 mM 2-mercaptoetiianol. terminal transferase (20-50 units/ug of oligomer), 0.4 
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mM TTP and 20 ug/ml oligonucleotfdo. Reactions were allowed to go to compfetion (90 minLrtes to 2 hours 
at 37* C) and were temrtinated by the addition of EDTA to a final concentration of 25 mM. Biotin-labeled and 
poly T-labeled oligonucleotides were used without additional purification. 

^ ^^^P^^^Q" ^^^^ Lysates 

B95-8. Raji. Namaiwa and Ramos cells were maintained in RPMI 1640 media containing 10% heat 
Inactivated fetal calf serum. Ceils were collected by low $pead centrifugation. medium was removed, and 
the cells were resuspended In 10 ul of PBS. The sample volume was Increased to 45 ul with sterile water 
10 and subjected to enzymatic amplification. 

Amplification Reactions 

Purified piasmid DNA or lymphoid cell lysates In a 45 ul volume were heated at 92' C for 10 minutes 
IS and quick chiiled. The boiled samples were mixed with 55 ul of a 1.8X stock of reaction buffer such that the 
final reaction mixture contained 50 mM KC1. 10 mM Tris-HCl (pH 8.0). 1.5 mM MgCia. 0.01% gelatin, 200 
uM each of dATP. dQTP, dCTP and dTTP and 1 uM of each oligonucleotide primer. The reaction was 
initiated by the addition of 2,5 Units of Tag polymerase. The samples were repeatedly cycled through a 1 
minute denaturation step at 92* C . a 2 minute annealing step at 37* C and a 3 minute extension step at 
20 70* C. following the final cycle, the samples were heated at 92* 6 for 1 minute and quick chilled. 

Hybrid Oaptum and Dateclion 

Individual wells of 96 well Immulon 2 plates were rinsed 2 times with 1 M ammonium acetate. Rfty ng 

25 of capture oligonucleotide were added to the wells of the plates in 1 M ammonium acetate. Plates were 
incubated at 37* C overnight to dry and were then either used immediately or were stored at 4" C prior to 
use. Plates with bound capture oligonucleotide were pre-washed with 0.5X SSC. 0.1% Triton X-100 in 
preparation for use in the hybrid capture assay. 

Samples to be anaiy^ed were heat denatured at 92* C for 10 minutes, quick chilled and diluted in sterile 

30 water. The diluted samples were added to hybridization solutions containing final concentrations of 20% 
formamide. IX SSPE. 2% dextran sulfate. 1% Triton X-100 and 50 ng/ml of -tiie signal oligonucleotide 
containing a 3'-poiy T tali. One hundred microliters of each sample were added in triplicate to 
oligonucleotide coated wells and hybridized (with shaking) for 1 hour at room temperature. Following 
hybridization, the wells were washed 4 times with 0.05X BSC, 0,1% Triton X-100 and BioBridge A (dUufBd 

36 to Enzo^s specifications In 2X SSC. 0.1% Trrton X-100) was added to each well and incubaj^ed for 2.5 
minutes at room temperature. The wells were washed 3 times witii 0.5X SSC. 0.1% Triton X-10d and Detek 
1-hrp brand streptavidin-horseradish peroxidase complex, diluted in phosphate-buffered saiine containing 
0.5M NaCI, 5mM EDTA. 0.3% gelatin. 0.25% Triton X-100, and 0.01% thimerosol was added to each well 
and incubated (with shaking) for 15 minutes at room temperature. The wells were washed 3 times with 0.5X 

40 SSC, 0.1% Triton X-100, followed by 3 washes with PBS containing 5 mM EDTA, The signal was generated 
by the addition of 150 ul of reaction mixture containing 0.0125% hydrogen peroxide and 1.6 mg/mi ortho- 
phenyienediamine in citrate phosphate buffer (pH 5.3). Color development was temninated by tiie addition of 
50 ul of 4N HaSOi and optical density measurements at 480 nm were made on an Intended Immunoreader 
model NJ 2000. Otiier chromogenic idicators can also be used, such as 3, 3'. 5, 6'-tetrametiiylbenzidene, 

45 

Agarose Gel Electrophoresis and Southern Blot Hybridization 

Amplified products were subjected to electrophoresis in agarose gels containing 3% NuSieve agarose, 
1% Seaksm agarose in 0.04 M Tris-acetate. 0.002 M EDTA (pH 8.0) and 0^ ug/ml ethidium bromide. 

60 Following electrophoresis, tine DMA was denatured in 0.4 N NaOH. 0,6 N NaCI and transferred overnight to 
a Biodyne 8 membrane. The membrane was prehybridized for 60 minutes at 55*0 In buffer containing 6X 
SSC. 5X Oenhardt's solution. 0.1% SOS and 100 ug/ml heat denatured salmon sperm DNA, The DNA was 
hybridized to the oligonucleotide EBV 5 (100 ng/ml)(see Rg, 1) containing a 3'-biotin-11-dUMP tail in the 
prehybridization buffer with 10% dextran sulfate at 55 *C. Following hybridization, the membrane was 

56 washed with 3X SSC, 0.1% SDS for 10 minutes at room temperature and 3 times (10 minutes per wash) at 
55* C in the same buffer. Th6 membrane was dnsed in 100 mM Tris.HCl (pH 8.0). 100 mM NaCI, 3 mM 
MgCl2 and 0.5% Tween 20 (solution A), followed by a 15 minute pre-block with PBS containing 0.5% 
casein. The membrane was incubated at room temperature for 15 minutes in Detek l-alk diluted in 100 mM 
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Tris-HCI (pH 9.5), 100 mM NaCI, 3 mM MgCUand 0.05% Tween 20. After washing with solution A, detoction 
buffer containing 100 mM Tris-HCI (pH 9.5). 10 mM MgCl2. 100 mM NaCl, 75 mg/ml nitroblue tetrazolium 
and 50 mg/mi 5'bromo-4-chloro-3"indolyl-phosphate was added. Color devolopment was terminated after 
approximately 5 minutes by removing the fitter from detection buffer and rinsing it with water. 

5 

Detection of Epsteln-Barr Virus DNA Sequences by Hybrid Capture 

Epstein-Barr virus (EBV) sequences contained in purified plasmid DNA preparations as well as in crude 
cell lysates of EBV-infecled lymphoid cell cultures were chosen as targets for amplification and d3tection. 

10 The IR1 repeat of EBV is reiterated approximately 10 times per EBV genome, as reported by Cheung and 
Kieff, Long intemai direct repeat in Epstein-Ban- virus DNA. J. Virology. 44:286-294 (1982). Six 
oligonucieotides spanning a 246 base pair sequence of the IR1 repeat were selected for use in the coupled 
amplfication/hybrid capture assays. They are shown in the lower portion of Fig. 1. To optimize the 
hybridization and detection of IRI target sequences, several oiigonuciaotide pairs were tested in the 

75 hybridization assay for their ability to capture and signai the plasmid, pCF1, which contains the Bamlli 
cleavage fragment of the IR1 repeat in the pUC18 vector. In each instance, one (or two) oltgonucleotide(s) 
was bound to the wells of an immulon 2 plate and acted to capture the target sequence. A second 
oligonucleotide (or two oligonucieotides). 3*-terminally labeled with poly T, served as a lini< in the signaling 
reaction by coordinately hybridizing to the target sequence and to a biotin modified poly dA (BioBridge A 

20 brand reagent). Biotin was detected using a complex of streptavidin and biottnyiated horseradish peroxidase 
in the presence of hydrogen peroxide and OPD. As a negative control. pAK8, which contains a 13 kb 
cytomegalovirus (OMV) DNA Insert In pUC18. was assayed using tiie HBV-specific oiigonucleotides. 
Standard curves ware g-Bnervaad for known anaounts cf pCF1 hybridized with various combinations of the 
oligonucieotides shown In Rg. 1. 

25 Fig, 2 shows the standard curves generated with 0.78 ng to 50 ng of pCF1 foliowing hybridization with 
two different sets of oligonucleotide pairs. The limit of detection of the hybridization assay for unampiified 
pCF1 was approximately 5X10^ molecules of target plasmid DNA. Similar amounts of the CMV DNA- 
containing plasmid, pAKS, failed to generate a signal, thus demonstrating the specificity of the assay. 

30 Am piification and Dete^ction of EBV Sequences in Purifiad Plasmid DNA 

A 246 bp sequence bordered by the oligonucieotides EBV 1 and EBV 6 (Fig. 1) was enzymaticaily 
amplified by subjecting 1 pg of pCF1 to 25 rounds of PCR. Following amplifitatiGn, portions of the 
amplification reaction mixture equivalent to 78 attograms to 2.5 femtograms of tiie starting plasmid DNA 

35 were assayed by hybrid capture using EBV 5 as the capture oligonucleotide and poiy T-tailed EBV 4 as the 
signal oligonucleotide, Rg, 3 show$ the absorbance at 490 nm of tiie amplified material compared to a 
standard curve generated by known amounts of unampiified pCF1. Following 25 rounds of amplification, the 
coupled PCR/hybrid capture assay was able to detect 12.5 to 400 molecules of target plasmid DNA, The 
estimated amplification of the target DNA sequence was approximately 1^ X 10^ compared with a 

40 tiieoretical ampiification limit of 3.3 X 1 0^ suggesting an efficiency of 82% (efficiency is calculated as Y - 
(1 + X)" where n = the number of rounds of amplification, X « the mean efficiency of each cycle and Y is 
tile yield after n cycles. See Mullis and Faloona, ' Specific synthesis of DNA in vitro via a polymerase 
catalysed chain reaction , Metfiods EnzymoL, 155:335-350 (1987). As a control. 1 pg of pAK8 DNA was 
amplified by 25 rounds of PCR In the presence of EBV 1 and EBV 6 and assayed by the same hybrid 

45 capture procedure. When as much as 5% (50 fg) of the original sample was assayed, no signal was 
generated. In similar studies, as much as 10 ng of control plasmid DNA, amplified and hybridized as above, 
failed to generated a signal. In addition, when either pCFI or pAK8 were cycled tiirough PCR in the 
absence of the Tag polymerase, no signai was generated in the hybridization assay. 

Further refemng to the sequences shown in Fig. 1. various primer combinations that work well with 

60 respective signal/capture oligonucleotide pairs are primers 1 and 6 with signal/captijre oligonucleotide pairs 
4 and 5 and/or 2 and 3, primers 2 and 6 with signal/capture oligonucleotide pairs 4 and 5, primers 3 and 6 
with signal/capture oligonucleotide pair 4 and 5, primers 1 and 5 with signal/capture oligonucleotide pair 2 
and 3, and primers t and 4 with signal/capture oligonucleotide pair 2 and 3. 

To determine the relative increase in tiie amount of target DNA throughout tiie ampiification procedure, 

65 10 pg of pCFI and pAK8 were cycled through 0-35 rounds of PCR In til© presence of tiie primers. EBV t 
and EBV 6. At intervals of 5 rounds, an amplification reaction was terminated and 0.03% of tiie reaction 
mixture was assayed. As demonstrated in Fig. 4. a signal was first detected after 20 rounds of amplification. 
This signal con^esponded to a 1.7 X 10^ -fold Increase of target DNA suggesting an 80% efficiency of 
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amplification. The amount of target DNA Increased wfth successive rounds of amplification and at round 35, 
the signal generated by only 0.03% of ttie reaction mixture was beyond the linear absorfoance range of the 
assay and the absolute level of amplification and the absolute level of amplification could not be accurately 
measured. The negative control, pAK8 DNA, treated similarly, did not generate a signal In the hybridization 
5 assay at any stage of the amplification procedure. 

Amplification and Detection of EBV Sequences in Caide Cell Lysates 

As an example of the detection of target DNA contained In lysates of infected cells, the amplification 
JO and detection of EBV-specific sequences in crude cell lysates was examined. For these studies,, four 
lymphoid cell lines were used. B95-8» an EBV-tnfected cell line in which 95% of the cells contain 
approximately 50 copies of EBV DNA and 5% of the cells contain greater than 1000 copies of EBV DNA, 

was used and is further described in Miller and Lipman, Release of infectious EBV by transformed 
manmoset leukocytes ^ Proc. Nat. Acad. Sci. USA, 70:190-194 (1973).Tiaji, a eel! line in which ail calls 

15 harbor approximately 50 copies of EBV DNA, was used and is further described in Epstein at al, 
Morphological and virological investigations on cultured Burkitt tumor l ymphobiasts (strain Raji.J. Natl. 
Cancer Inst., 37'IS47-559 (1866). Namalwa, a ceil line in which ail cells coritain 1-2 copies of EBV DNA, was 
used and is~urther described in Reedmen and Klein, Cellular localization of an EBV-associated 
complement-fixing antigen in producer and nonproducer iymphoblastoid cell lines , "Tnt.~. Cancer, 

20 520 (1973). Ramos, an uninfected lymphoid cell line, was also used and Islurther described in KleifTet al„ 
An EBV-genome-negativecell line established from an American Burkitt lymp homa: receptor characteristics, 
E8V"Infectibiiity ~and pennanerir conversiorTinto EBV-positiva sublinesHbTln vftro infection . Intervirology. 
5:319-334 {1975).Trom 10* to 10^ celfs of eacFtSjTl^^^ by boTling'ind VYeraTRon subjected to 

T5 seconds of amplification in the presence of EBV 1 and EBV 6. A portion of each reaction mixture was 

25 then assayed by hybrid capture. Capture wells that had been hybridized (and detected) without target DNA 
wore used as zero (blank) cpntrois for the absorbance readings. The results are shown in Table 1. 

BMs. i 

toiiLi fJcat i'?n/J^£.t£':l..lM in liude s;fiii 





Cell Line 


if of cells 
in PLR Rxn. 


1 of cslls 
Assayed/Well 


A490 


35 


895-8 


iof> 




2,536 
K855 


40 


Raji 


iO^ 
10'' 




0.424 
0.563 




Hamalwa 




10^ 


O.Z04 
<0.00 


46 


Ramos 


10'* 


10^ 
102 


<0.00 
<0.00 



As shown in Table 1 . signal was obtained with B95-8. Raji and Namalwa cells, but not with the Ramos 
ceils. These data suggest ^at the speci^clty of the coupled amplification/hybrid capture assay was 
maintained even when the target was not purified DNA. 

Because Namalwa cells contain 1 to 2 copies of EBV DNA, these cells were chosen to examine the 
55 sensitivity of the coupled assays. The resuhB am shown in Table 2, 
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Sgn,?,HlY,,liy. <iL AfflnH Pication/ Dfiiftcjjan in 



# of Cells # of Cells # of Rounds A490 

in PCR RxiK Assayed/Well of PCR 



Namalwa lO^ 1250 25 1.36 

10? SO 30 L63 

1^'^ 50 35 1,47 

^^f 20 35 1.31 

2 35 0,15 



^3mos ]o5 30 0.03 

m 50 35 0,03 

lOf 20 35 0,01 

10^ 2 35 0.09 



A3 Shown in Table 2, amplication of the 246 bp IR1 sequence in as few as 10 Namaiwa ceils 
generated a weak signal when 20% (equivalent of two cells) of the reaction mixture was assayed. The 
Intensity of the signal dramatically increased when 100 cells were Input into the initial amplification reaction. 
Amplification of an equivalent number of Ramos cells did not generate signal above background readings. 

As an example of the detection of the nucleic acids of infectious agents within a heterogeneous 
population of infected and uninfected cells, Ramos and Nanrialwa cells were mixed, amplified by PCR. and 
assayed by hybrid capture, Namalwa cells (10^) were mixed with Ramos cells (10*) and were cycled 
through 35 rounds of PCR. A portion (20%) of the reaction mixture was then assayed. The results are 
shown in Table 3. 

[ ^thle J 

^Pn?lViY'i Y tiL AiuDi ificatlon/Dotoctinn jja 



i 

4 of -Cells « of Cells M of Rounds A490 

in PCR Rxn. As;.jyed/Wel 1 of PCR 



Naraalwa lo^ 20 35 0.88 

Ramos 10^ 200O 35 0.01 

Namalwa/ loVlO^ 2020 35 0.24 
Ramos 



As shown in Table 3. the target sequence was amplified and detected even in the mixed cell iysates. 
The level of amplification In the ceil mixture was diminished approximately 4-fold when compared to the 
homogeneous cell population. Since amplification of Ramos cells alone did not generate signal in the 
hybridization assay, It can be assumed that the signal generated by the mixed Iysates was the product of 
the specific target sequence in the Namalwa cells. 

Validation of Itfie Results of Hybrid Capture by Southem Blot Hybridization 

To confinm the specificity of the coupled amplificatiorv^ybrid capture detection assay, the amplification 
reaction products were analyzed by electrophoresis in agarose gels followed by Southem blot hybridization. 
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Ethidium bromide stained agarose gels of the products obtained when EBV 1 and ^^ve were used as 
pLe^ to amplify a portion of the IR1 sequence In pCF1 showed a fragment of approx Irnate ly 250 bp. "^^ 
fragment was not observed in the amplification products from pAK8 or Ramos 'V^^^f • ^« 
JopZticaS resolved DNAs were transferred to a Biodyne B nylon membrane and hybrldiaed w, h he 
EBV 5 dlgonucleotide labeled by 3'-tem,inaI addition of ^^'oMn-^-^UTP The blotin moie«es^^^^^^^ 
by a colorimetric assay using a complex of sfreptavidin and biotinylated alkaline phosphatase m the 
pLenS Of nrtroblue tefrazolium and S-bromo^chloro-S-indoiyl phosphate. The 250 bp fragment was the 
major band of hybridization, thus validating the results obtained in the hybrid capture assay. 



JO Example 2 



75 



20 



26 



To examine the utility of these methodologies for the detomiination of the presence of Human 
irnmunodaficlency Virus (HIV 1) (also. HTLV ill) nuclelo acid sequences in ^^f^^'^^^^^^^" 
cells were seeded (or were not seeded) with decreasing amounts of purified HIV 1 DNA TTie samples, 
without further manipulation or purification, were then subjected to 25 rounds of amplification by polymerase 
Sin reaction using the primers shown in Table 4A. Following amplification reactions^ the samples were 
theTexamined essentially as described hereinabove regarding hybrid capture using the probes shown in 
Table 4A. The results shown in Table 4B were obtained. 



30 



35 



40 



46 



56 
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Qfiififiiifln a£ m MiicIqIc Acid bv AmpHfication and Hyt?r1d Ommt 

s 

A. £Lim and 

Sequences from the eux region of II IV 1: 

TO 

Primers 

6933-696B 5 ' TGTGGAGGGGAATnTTCTACTGTAA 3' 

7E22-72SZ (complement) 5' TATATAAnCACTTCTCCAATTGTCCCTCAT 3' 

Probes 

Capture 01 igo (Matrix Af Fixed) 

20 

7091-7124 (complement) 5' GTCCACTGATG6GAGGGGCATACATT6CTTTTCCT 3' 

Signal Ollgo (Poly T tailed) 

7185-7219 (complement) 5^ CClCCTCCAGGTCTGAAGATCTCGGAGTCATTGn 3' 

25 



Sample Number IIIV 1 copies/1.5 X 10^ cells Relative Absorbance** 

30 



35 



2393 


800,000 


93. 


45 


2401 


80,000 


38. 


28 


2398 


8,000 


15. 


38 


2391 


800 


8. 


74 


2390 


400 


5. 


91 


2395 


200 


5. 


03 


2400 


100 


1. 


44 


2394 


50 


1. 


19 


2403 


25 


0. 


682 


2397 


12.5 


0. 


455 


2399 


6.25 


0. 


104 


2402 


3.13 


0. 


176 


2392 


1.56 


0. 


038 


2396 


NONE 


0. 


014 


water 


NONE 


<0. 


000 



46 

* See Ou et al., (1985) mm, 

5^ ** Absorbance readings were normalized to values obtained when 2 ul of the 

amplification reactions were used in the hybrid capture assay* 

As shown in Table 4B. the limit of detection of HIV nucleic acid was approximately 2 copies in 
56 approximately 1.5 x 10^ human peripheral blood cells. When portions of the identical samples were 
subjected to detection by hybridization with a ^p labeled oligonucleotide probe, electrophoresis and 
autoradiography, the limit of detection was essentially Identical. 

These data demonstrate the specificity and sensitivity of the combined ampirfication and hybrid capture 
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assay. Primers and probes of slightly varying length and/or with minor sequence variations are expected to 
be interchangeable with the specific sequences used herein. 

Example 3 

6 

In order to increase the efficiency of the detection hybridization reactions and to decrease the time 
required for completion of hybridization, in solution hybridization of amplified target nucleic acid sequence 
is carried out - 

10 Lat>e!ing of Ollgonucleotjde Pr obes 

Signal oligonucleotides are 3Merminaily labeled as previously described by Cook et ai* (1980), supra . 
Alternatively they are \^\e6 by incubation in solutions containing 100 mM KPO4 buffer pH 72, 10 mM 
MgCl2, 1 mM 2-mercaptoethanoi, terminal deoxynucleotide transferase, dATP and biotin-11-dUTP in 
f5 quantities such that dATP and biotin*11-dUTP are initially present at a molar ratio of 5:1 to 9:1 and the sum 
of the dATP concentration plus the biotin-11-dUTP concentration is 200 times the concentration of 
oligonucleotide. Reactions are allowed to proceed for 2-20 hours at 37* 0 or until all monomers are 
incorporated. 

Capture oligonucleotides are iabeied by 3* terminal addition of poly dJ as described above. Ugation 
20 techniques may also be used, but such methodologies are more complex. Aitemativeiy, capture 
oligonucleotides can be labeled by incorporation of dinitrophenyl residues in the form of DNP-dUTP. 
Alternatively, a capture oligonucleotide caii be laJbofed chemically following automated synthesis in tho 
presence of ailylamine dUMP phosphoramidites (see Cook et ai, (1968), supra), Foiiowing synthesis and 
work up, the ailylamine residues are then labeled by reaction with 2,4-dlnitrofluorobenzene. 

Capture Matrices and Detection 

Poly dA capture wells are prepared by rinsing the wells of Immulon 2 microtiter plates twice with 1 h\ 
ammonium acetate. Two hundred ng of poly dA (Pharmacia Fine Chemicals. Piscataway, NJ) are added to 

30 the wells in 1M ammonium acetate in volumes of 50 ul. Plates are incubated at 37'C In a dry incubator 
until the wells are dry (12 or more hours). Plates are sealed and are stored at 2-8" C until used, 
Immediateiy t>efore use, plates containing affixed poly dA ate rinsed twice with 2X SSC and are then 
allowed to stand for 5 to 60 minutes in 2X SSC containing 0.1% Triton X-1 00. 

Capture weils containing antibodies, such as rabbit anti-DNP JgG, are prepared by incubating an 

35 appropriate amount of antibody, diluted in 50 ul of 50 mM bicarfc>onate |uffer, in the wells of Immulon 2 
plates for 2 to 4 hours at 37' C. Plates are stored covered at 2-8* C un^l used, immediately befor© use, 
plates containing affixed antibody are rinsed twice with 0.5X SSC containing 0.1% Triton X- 100. 

Samples containing ampiified copy numbers of target nucleic acid to be analyzed are heat denatured it 
92* G for 10 minutes, quick chilled and diluted in sterile water. The diluted samples are added to 

40 hybridization solutions, such as 20% formamide, 1X SSPE. 2% dextran sulfate, 1% Triton X-'lOO and 50 
ng/ml of signal ollgodeoxynucleotide and an appropriate amount of capture oiigonucieotide. For example, a 
dATP-, biotin-11-dUTP-taiied signal probe is used in conjunction with a poly dT-taiied capture probe, or in 
conjunction with a DNP-labeled capture probe. Capture probe amounts are previously titrated so that all 
capture probe, regardless of whether it becomes hybridized to target sequences, wiil be bound by the 
capturing agent in a single capturing well of the microtiter plate. Hybridization reactions (100 ul) ate allowed 
to proceed for 5 to 30 minutes at room temperatures and then samples are diluted with 400 ul of 0.05X - 
0,1X SSC containing 0.1% Triton X-100. Aliquots of the diluted hybridization reaction are added to wells of 
the micromer plate. When poly dA capture wells are used and a poly T-tailed capture probe is used, 
samples are incubated in the wells for 2 to 5 minutes prior to washing with 0.05X - 0.1X SSC containing 

60 0.1% Triton X-100. When anti-DNP antibody is used with DNP-labeled capture probes, weils are incubated 
10-60 minutes prior to washing with 0.05X - 0,1X SSC containing 0.1% Triton X-100. Detek 1-hrp can be 
used to determine the amount of hybrid as described above. 

Matrices such as antibody- or polynucieotide-modified latex or polystyrene beads can t>e used as 
capture matrices in similar amplification/sandwich capture assays. 

Example 4 



Epidemiological studies on the spread of AIDS and the spread of particular strains of HIV are extremely 
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important for establishing the range and distribution of the virus throughout the world's population. In order 
to monitor the spread of the disease as well as to monitor the progress of the disease in a particular patient, 
and, perhaps more importantly, in order to protect the world's blood supply it is critical to determine the 
presence or absence of HIV nucleic acid sequences. While amplification methodologies such as PGR have 
5 radically improved abilities to perfomi such studies, it has been difficult to detenmine the accuracy of 
negative results of these assays. 

An estimate of the validity of negative results of nucleic acid amplification and detection can be 
achieved only by accurately determining the amount of HIV DNA in the range of individuals exposed to HIV. 
Recent studies have suggested that CD4( + } T ceils aut as the reservoir for latent HiV proviral DNA and that 

10 the number of these ceiis harboring proviral DNA is estimated to be 1/40»000 to 1/100 in asymptomatic 
seropositive individuals and 1/100 In AIDS patients. Seo» Psaiiidopoulos, et al.. Integrated Proviral Human 
^^!^^^??!^E^22y y}^^ "^"^E? Prmmt in CD4-f P^Q^^^^'al Bicod LymphocytiilnTiea 
jndividuais/ J. V!rlaidgyr§3:4626"463y7T^ and Sch^StEron, Tt*^r,.'Th^^ 
Peripherai Blood is a j celi that Maintains Expression of CD4 , Science, 245:306-308 (1989). 

75 in these studies, ACH2 cells, which contain 1 integrated copy of HIV-1 per cell, were used as a 
standard for the amplification/detection procedure. As such, the standard fails to account for variation in 
amplification efficiencies from reaction to reaction. To accurately establish the range of HIV genomes per 
cell in patient specimens, the efficiency of the amplification in each reaction must l>e determined. 
Simultaneous amplification of a known standard sequence such as Beta-globin or glucose-6-phosphate 

20 dehydrogenase in the same reaction mixture as the sequence of interest, provides such information. 

In Example 2 the limit of detection of amplified HIV nucleic acids was found to t>e 2 copies of HIV DNA 
in 150,000 PBLs regardless of whether detection was by the methods disclosed herein or by standard ^P 
methodoiogies. This limit of sensitivity required an efficiency of amplification of at least 70 to 30%. in 
performing similar tests on clinical samples, readings that are in the range of bacl<ground to 1-3 

25 copies/150,000 PBI_s would have to be interpreted as inconclusive. Low and/or negative readings are the 
result of either the absence of HIV DNA or the inefficient amplification of the HIV DNA that is present. If the 
efficiency of each amplification reaction was known, low and/or negative readings could be conclusively 
interpreted. For example, if the efficiency of an amplification reaction on a clinical sample was known to be 
85% and the HIV detection results indicated <ic 2 copies of HIV DNA (i.e., were insiifficieniiy above the 

30 background controls), the absence of HIV DNA (in 150,000 PBLs) could be concluded. If. on the other hand, 
the efficiency of the amplification reaction was known to be 50% and the HIV sequence detection indicated 
0 to 3 copies of HIV, the result would be known to be inconclusive and the procedure couid be repeated to 
achieve the requisite amplification efficiency. 

While it is obvious that the inclusion of a known standard in amplification reactions can be used to 

35 estimate! the efficiency .of each amplification reaction, heretofore, no simple means for accomplishing this 
has beeri described. The methods disclosed herein are readily adaptable to such procedures, in Example 2, 
when patient specimens are subjected to amplification by the polymerase chain reaction methods using 
disrupted, unpurified peripheral biood lymphocyte (PBL) ceiis as sample material, two sets of primers, one 
set for HiV sequences and a second set for a marker sequence, can be included in the PGR reactions. The 

40 second set of primers is chosen from among gene sequences that are known to be present in the normal 
genomes of PBLs in one copy per cell. An example of such a gene sequence is the Beta-globin gene. 
Another example is a gene for enzymes of intermediary metabolism, such as the gIucose-6-phosphate 
dehydrogenase gene. If the gene for Beta-giobin is used, sequences of primers as described in Saiki et al., 
Enzymatio amplification of B-globin genomic sequences and restriction site analysis for diagnosis of sickle 

46 cell anemia , Science, 230Tl 350-1 354 (1985) would be appropriate. A pair"ornonoverlapping, single-stranded 
polynucleotide probes are chosen from sequences located between these primers. They are chosen to be 
complementary to one strand or the other and are used to detect the amplified copy number of the Beta- 
globln sequences. Detection is carried out by procedures used in detection of target nucleic acids. 

An amplification reaction for detection of HIV 1 sequences and for Beta-globin sequences is carried out 

50 on suspensions of PBLs in the presence of the primers noted in Table 4 for HIV 1 and in the presence of 
the primers for Beta-giobin sequences as noted in Saiki et al.. (1985) supr a. Following amplification, 
hybridization to probes is perfonmed essentially as described above. Two poly T-tailed probes are added to 
hybridization solutions. The T-tailed probe for HIV in Table 4B is used as is a T-tailed probe for Beta-globin, 
chosen as described above. Portions of the hybridization reaction are added to individual wells of a 

55 microtiter plate. One set of wells contains the probe for HIV 1 as noted in Table 48 and another set of wells 
has a probe, chosen as described above, for Beta-giobin. Specific dilutions of the amplified nucieic acids 
are added to the hybridization mixture and them dilutions are added to the wells of the microtiter plate. The 
amplified nucleic acid sequences are determined. From the absorbance readings obtained when the results 
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are developed, the efficiency of the amplification reaction is established and the validity of negative results 
for the target sequence of interest is determined. 

These procedures can also fe>e used to detect the presence of a second target nucleic acid sequence of 
interest. For example, the primers as described above for EBV and for HIV can be used in a single 
6 amplification reaction and the welis of a microtiter plate can contain either the EBV-speclfic or the HIV- 
specific oligonucleotide and the presence of either H!V or EBV or both can be established in a single 
amplification reaction and in a single detection operation* 

Example 5 

TO 

tn Example 4, ^dies detemilning the amount of HIV DNA in infected individuals may confirm the range 
1 genome copy In 10,000 to 1,000.000 PSLs, depending on the stage of tlie infection. If It was possible 
to simply improve the efficiency of the amplification reactions, it would be possible to consistently use 10^ 
or more calls in each amplification reaction to perform such a study. Alternatively, it is possibie to increase 
16 the number of rounds of amplification from 25 to 35 (or more) to perfomn such a study. However, the 
efficiency of amplification tends to decrease as the amount of crude material input into tie amplification 
reaction is increased. In addition, increasing the number of rounds of amplification beyond 25-30 often leads 
to the production of non-target-specific sequence production* 

A way to circumvent these difficulties is to purify the nucleic acid from the sample. Unfortunately, 
20 purification of nucleic acids from many samples is difficult tedious, and may lead to cross contamination of 
the samples. Furthermore, purification of the nucleic acid from a sample to be tested often requires the use 
of hazardous materials. a,g. phenol. In other cases, purifjcation of the nucleic acid from a sample may be 
required because the conditions and materials that are required for sample disruption and release of the 
nucleic acid are Incompatible with enzymatic amplification of nucleic acids. For example, phenol, detergents 
25 and reducing agents are used to disrupt samples for testing for the presence of Mycobacterium tuberculo- 
sis or M. avium nucleic acids in sputum samples. In such cases, the nucleic acid must be freed of these 
disruption agents prior to initiating the ampiification reactions. 

A simple method for circumventing these difficulties is the pre-capturing or pre-seiecting of the 
sequences of interest. Such procedures offer the opportunity to use aimost any amount of sample and the 
30 opportunity to use conditions and materials for disrupting the sample that are ordinarily incompatible with 
enzymatic amplification reactions. 

By pro-capturing the prospective target nucleic acid from a disrupted sample, the efficiency of 
amplification can be made more consistent and the materials used to disrupt some samples can be readily 
removed prior to initiating the enzymatic amplification raactions. On© need not be concerned that the target 
35 nucleic acid is at such a low concentration that the hybridization reaction would require Inordinately long 
times. In performing amplification reactions, the first round of amplification requires the hybridization 
(annealing) of the primers with the target nucleic acid. This usually requires less than 5 minutes in the 
cun^entiy used protocols. Performing the initial annealing reaction between the nucleic acid in a disrupted 
sample and matrix-lx>und or capturable pre-capture probes allows one to free the target nucleic acid from 
40 the remainder of the sample and from the sample disruption agents. 

As in Example 1, six to eight different, nonoverlapping probe/primer oligonucleotides are chosen and 
synthesized for a particular target nucleic acid sequence. These are shown as oligonucleotides A*H in Rg. 
5A. To form the pre-capturing probes when the target is DNA. two of these oligonucleotides 
(oligonucleotides A and H of Rg. 5A) (one oligonucleotide if tiie target is originally single-stranded, i.e., 
45 RNA). are then linked through the 5' termini to Sephacryl or to controlled pore glass or other support as 
described by Ghosh and Musso (1987). supra . In one procedure, disrupted sample is ailowed to hybridize 
with bead-linked oligonucleotide pre-capturing probes. Following this hybridization, the beads are collected 
by sedimentation or by filtration and are washed with a simple saline buffer to remove the remainder of tJie 
sample and the components of the disrupting solutions. Once tine beads are freed of these materials, the 
50 beads are suspended in amplification reaction mixtures (buffer, dNTPs and polymerases). Amplification is 
then carried out as usual* In Rg. 5B, three rounds of amplification arc shown. Each round of amplificati*on in 
this system generates target sequences of interest that are linked to tiie beads. Following amplification, 
lat>eled signal oligonucleotides B,C or D and/or E. F or G can be used to detect the bead-linked, amplified 
nucleic acid target sequences. 
55 In anotiier method, the pre-capturing oligonucleotides are linked to a mati*ix as afc>ove . but the 3* ends 
of tiie oligonucleotides A and H are modified so that they cannot serve as primers for polymerases (shown 
in F1g. 5C as a darkened bail on oligonucleotides A and H); e.g., a dideoxynucleotide is placed at tiie 3* 
tenmini, or tiie 3' OH is modified by metiiylation or glycosylation. In tiiis case, hybridization wrtii tiie nucleic 
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acid Is also followed by washing of the hybrids bound to the beads* Once the beads and hybrids are 
washed* printers {shown In Rg. 5C as oligonucleotides B and Q) are added with the other components of 
the amplification reaction (buffer. dNTPs and polymerase). Amplification Is then canied out as usuaL Rg. 5C 
shows three rounds of amplification In which all amplified nucleic acid is free in solution and not linked to 
the beads although the beads, and their bound oligonucleotides, are present during the amplification 
reaction. Following amplification, probe pairs C and D and/ or E and F are used for detection as described 
above. 

Pre-capture of target sequences can also be accomplished by in solution hybridization procedures. 
Such pre-capture probes are modified by a first pre-capture moiety. Following annealing with target nucleic 
acids, the hybrids (as well as unhybridized pre-capture probes) are contacted with a matrix-bound second 
pre-capturing moiety which specifically Interacts with the first pre-capturing moiety. For example, pre- 
captura oligonucleotides A and H of Rg. 5 could foe labeled at their 3' temr^inl with poiy T as described 
above, or at their 6* temnini during synthesis. The 3' termini of the "tailed" pre-capture probes are then 
blocked as described above. Following annealing to the nucleic acids in the disrupted sample, the hybrids 
(and all pre-capture probes A and H) are contacted with poly A or poty dA linked to Sephacryl, latex, 
polystyrene, CPG or other solid matrix. The hybrids are washed as above to free them of the remainder of 
the sample and the sample disruption agents. The matrix containing the hybrids is then suspended in 
amplification reaction mixtures containing primers B and G as shown in Rg, 5C. Ampirfication is canied out 
as usuai and the amplified nucleic acid is detected as for the amplified material in Fig. 5C. 

Claims 

1« A composition for the determination of single-stranded target nucleic acids in a sampfe to be tested, 
which composition comprises: 

(i) an oligonucleotide primer for each single-stranded target nucleic acid of Interest, which primer is 
capable of annealing selectively to a complementary portion of the single strand of target nucleic 
acid; 

(ii) mononucleotides of each of the four nucleic acid bases; 

(iii) nucleic add polymerases capable of producing an extension product from the primer and 
mononucleotides which is complementary to the single strand of target nucleic acid to which the 
primer is annealed to provide amplified nucleic acid sequences; 

(iv) a first polynucleotide probe comprising a universal label-capturing moiety attached to a first 
single-stranded polynucleotide segment which is hybridizabie with a first portion of the target nucleic 
acid; 

(v) a second polynucleotide probe comprising a second single-stranded polynucleoti'de segment 
hybridizabie with a second portion of the targetlnucleic acid; 

(vi) a matrix to which tine second polynucleotide probe is affixed; and 

(vii) a universal label capturable by the first universal label-capturing moiety when the first 
poly nucleotide probe is captured by hybridization to an amplified target nucleic acid sequence which 
is captured by hybridization with the matrix-affixed second polynucleotide probe, 

2- The composition of claim 1 wherein the first and second probes are each at least a decanucleotide. 

3. The composrtion of claim 1 wherein the universal label-capturing moiety is one partner of a specific 
binding pair and wherein the composition further comprises a binding partner therefor bound to a 
detectable moiety, 

4. The composition of claim 3 wherein the universal label-capturing moiety and its^ binding partner are a 
ligand and a receptor therefor, a polynucleotide and a complementary polynucleotide, an antigen or 
hapten and an antibody or specific binding fragment thereof for the antigen or hapten, a hormone and a 
receptor therefor, an apoenzyme and a cofactor therefor, a sugar and a lectin which is specifically 
bindable therewith, or avidin or streptavidin and biotin or a binding analog thereof. 

5. A composition for the determination of a single-stranded target nucleic acid in a sample to be tested 
which comprises: 

(i) an oligonucleotide primer for each single-stranded target nucleic acid of interest, which primer Is 
capable of annealing selectively to a complementary portion of its target nucleic acid; 

(ii) mononucleotides of each of the four nucleic acid bases; 
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(lil) nucleic acid polymerases capable of producing an extension product from the primer and 
mononucleotides which is complementary to the single strand of target nucleic acid to which the 
primer is annealed: 

(iv) a first polynucleotide probe comprising at least one component of a labeling system attached to 
a first single-stranded polynucleotide segment which is hybridizable with a first portion of the target 

nucleic acid; . , . _^ . . 

(V) a second polynucleotide probe comprising a first entity attached to a second single-stranded 
polynucleotide segment which Is hybridizable with a second portion of the target nucleic acid; and 
(vi) a matrix having attached thereto a second entity which Is specifically bindable with the first 
entity. 

6. The composition of claim 1 or 5 wherein each of the oligonucleotide primers is at least a de- 
canucleotide. 

7. The composition of claim 1 or 5 wherein the nucleic acid polymerase is a DNA polymerase, a reverse 
transcriptase, or a reverse transcriptase and a DNA polymerase. 

8. The composition of claim 5 wherein the labeling system component is one partner of a specific binding 
pair and wherein the composition further comprises a binding partner therefor bound to a detectable 
moiety. 

9. The composition of claim 5 wherein one entity is a Hgand and the other entity Is a receptor therefor. 

10. ThG composition of claim 5 wherein the first and second entities are complementary polynucleotides. 

11. The composition of claim 5 wherein one entity is an antigen or hapten and the other entity is an 
antibody or specific binding fragment thereof for the antigen or hapten, or one entity is a hormone and 
the other entity Is a receptor therefor, or one entity is an enzyme and the other entity is an inhibitor 
thereof, or one entity is an apoenzyme and the other entity is a cofactor therefor, or one entity is a 
sugar and the other en«ty is a lectin which is specifically bindable therewith, or one entity is avidm or 
streptavidin and the other entity is biotin or a binding analog thereof. 

12. A method for the determination of single-stranded target nucleic acid in a sample to be tested, which 
method comprises: 

(a) amplifying the copy number of the target nucleic acid; 

(b) contacting, under conditions permissive of hybridization, the amplified copy number of the target 
nucleic acid with a first polynucleotide probe comprising a first universal label-capturing moiety 
attached to a first single-stranded polynucleotide segment, the first single-stranded polynucleotide 
segment being hybridizable with a first portion of the target nucleic acid so as to form a liybrid; 

(c) contacting, under conditions permissive of hybridization, any hybrid so-fomied with a matrix- 
affixed second polynucleotide probe comprising a second single-stranded polynucleotide segment 
hybridizable with a second portion of the target nucleic acid so as to torm a bound complex; 

(d) separating, if necessary, the bound complex from any unbound nucleic acid; and 

(e) detemiining the presence or absence of the amplified target nucleic acid by captunng and 
observing the presence or absence of the universal label. 

13. The method of claim 12 wherein step (b) comprises contacting the amplified copy number of target 
nucleic acid with a first probe wherein the universal label-capturing moiety Is one partner of a specific 
binding pair and. which further comprises, thereafter contacting the reaction product thereof with a 
detectably labeled binding partner for the universal lat>el-capturing moiety. 

14 The method of claim 12 wherein the amplified copy number of target nucleic acid is simultaneously 
contacted with the first probe wherein the universal label-capturing moiety is one partner of a specific 
binding pair and with the second probe and, which further comprises, thereafter contacting the reaction 
product thereof with a detectably labeled binding parfrier for the universal label-capturing moiety. 

15. The method of claim 12 wherein the first and second probes are each at least a decanucleotide. 



16. The method of claim 13 wherein the universal label-captuiing moiety and Its binding partner are a 
ligand and a receptor therefor, a polynucleotide and a complementary poiynucleotide, an antigen or 
hapten and an antibody or specific binding fragment thereof for the antigen or hapten, a honnone and a 
mcBgm memfor, an apoensyme and a cofactor therefor, a sugar and a lectin which is specifically 
bindable therewith, or avidin or streptavidin and blotin or a binding analog thereof. 

17. A method for the determination of single-stranded target nucleic acid in a sample to be .tested, which 
method comprises: 

(a) amplifying ih*^ copy number of the target nucleic acid; 

(b) contacting, under conditions permissive of hybridization, the amplified copy number of the target 
nucleic acid wUh: 

fl) a first polynuciaotide probe comprising at least one component of a iabeiing system attached 
lto a first single-stranded polynucleotide segment which is hybridizable with a first portion of the 
target nucleic acid; 

(ii) a second polynucleotide probe comprising a first entity attached to a second single- 
strandedpoiynucleotide segment which is hybridizabie with a second portion of the target nucleic 
acid; and 

Oil) a matrbt having attached thereto a second entity which is specifically bindabie with the first 
entity; 

(c) permitting hybridization of the first and second probes with any of the amplified copy number of 
the target nucleic acid present and binding of the first entity with the second entity to produce a 
bound complex; 

(d) separating, if necessary, the bound complex from any unbound nucleic acid; and 

(e) determining the presence or absence of the amplified target nucleic acid. 

ia The method of claim 12 or 17 wherein amplifying the copy number of the target nucleic acid is by 

polymerase chain reaction or by using a Q Beta replicasa. 

19, The memod of ciaim 17 wherein ^e amplified copy number of target nucleic acid Is simuitaneousiy 
contacted with the first and second probes so as to form the complex and, thereafter, the second entity 
is contacted with the complex. 

20, The method of ciaim 17 wherein the first probe and the amplified copy number of target nucleic acid 
£ire contacted with a matrix to which the second probe has been bound by the first and second entities. 

21, Ihe method of claim 17 wherein the first and second entities are complementary poiynuJleotides, or 
one entity is a ligand and the other entity is a receptor therefor, or one entity is an antigen or hapten 
and the other entity is an antibody or specific binding fragment thereof for the antigen or hapten, or one 
entity is a hormone and the other entity is a receptor therefor, or one entity is an enzyme and the other 
entity is an inhibitor thereof, or one entity is an apoenzyme and the other entity is a cofactor therefor, or 
one entity is a sugar and the other entity is a lectin which is specifically bindable therewith, or one 
entity is avidin or streptavidin and the other entity Is biotin or a binding analog thereof. 

22, A composition for determining single-stranded HIV nucleic acid in a sample to be tested, which 
composition comprises: 

(a) oiigonucieotide primers having the foliowing sequences 

S' TGTGGAGGGGAATrrTTCTACTGTAA 3' and 
5' TATATMrrCACTTClCCMTTGTCCCTCAT 3' 

(b) mononucleotides of each of the four nucleic acid bases; 

(c) nucleic acid polymerases capable of producing an extension product from the primers and 
mononucleotides which Is complementary to the single strand of HIV nucleic acid to which the 
primer Is annealed; 

(d) a first polynucleotide probe comprising a universal label-capturing moiety attached to a first 
single-stranded polynucleotide segment which has a sequence selected from the group consisting of 
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5' CCTCCTCCAGGTCTCAAGATCTCGGACTCATTGTT 3' «nd 

5' r,TCCACT(lATG6GAfi6S8mAC.ATTr.CTTTTCCT 3' 

(e) a second polynucleotide probe having tiie other of the sequences; 

(f) a matrix to which the second poiynucleotide probe is affixed: arwl _ 

g) a universal label which is capturabie by the first universal 'abel-capturing 

first Dolynucleotide probe when the first polynucleotide probe is captured by hybridiza^on to me 
SmplE nucteic acid sequences which is in turn captured by hybridization wrth the matrix- 
affixed the second polynucleoade probe. 

23. The composition of claim 22 wherein the universal label-capturing moiety is a poly-T sequence. 

24. The composition of claim 22 wherein the universal label-capturing moiety is avidin or streptavidin and 
its binding partner is biotin or a binding analog thereof. 

25. A metHod for detemiining single-stranded HiV nucleic acid in a sample to be tested, which method 

"'Taramplifying the copy number of the HiV nucleic acid using primers having the following 
sequences 

5' TGTGGAGGGGAATTrrrCTACTGTAA 3' and 
5' TATATAATTCACrrCTCCAATTSTCeCTCAT 3' 

/b^ contactina so as to pemiit hybrid formation of the amplified copy number of HIV nucleic acid with 
Tn^^'^^^ZcTeZ^^Z compri..ing a «rst universal 'a^^'-^!""^^ 
single-stranded polynucleotide segment which has a sequence selected from me group cor.si.ting of 

5' CCTCCTCCAGGTCTGAAGATCTCGGACTCATTGTT 3' and 
5' GTCCACT6AT6GGAGGGGCATACATTGCTTTTCCT 3' 

(c) contactina the^ hybrid so-fomied. under conditions permissive of hybridization with a matrix- 
llr?Sond polynucl^^^^ probe comprising a second single-stranded polynucieoUde segment 
having the other of the sequences; and . u 

(d) permitting hybridization of the hybrid with the matrix-affixed second probe: 

(e) separating, if necessary, bound hybrid from any unbound nucleic acid; and 

(f) detem^ining the presence or absence of the amplified HIV nucleic acid. 

26. A composition for determining single-stranded HIV nucleic acid In a sample to be tested, which 
composition comprises: 

(a) oligonucleotide primers having the sequences 

5' TGTGGAGGGGAATinTCTACTGTAA 3' and . 
5' TATATAATTCACTTCTCCAAnGTCCCTCAT 3' 

(b) mononucleotides of each of the four nucleic acid bases; _^ 

c nucleic acid polymerases capable of producing an extension product from P"^^'. 
rSononucleotides which Is complementary to the single strand of HIV nucleic acid to which the 

fdTa'iri^l^lSeotide probe comprising at teast one component of a labeling system attached to 
ffi^ Sg^ra^ded poiynucleotide segment having a sequence selected from the group consist- 
Ingof 
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5' CCTCCTCCAGGTCTGAAGATCTCGGACTCATTGn 3' and 
5' GTCCACTGATGGGAGGGGCATACATTGCTTTTCCT 3' 

(e) a second polynucleotide probe conDprising a first entity attached to a second single-stranded 
polynucleotide segment having the other of the sequences; and 

(f) a matrix having attached tiiereto a second entity which Is specifically bindable with the first entity. 

27, A metiiod for detemnining single-handed HiV nucleic acid In a sample to be tested, which method 
comprises: 

(a) amplifying the copy number of the target nucleic add using primers having the following 
sequences 

5' TGTGGAGGGGAATTinCTACTGTAA 3' and 
5' TATATAATTCACTTCTCCAATTGTCCCTCAT 3' 

(b) contacting so as to permit hybrid formation of tiie amplified copy number of the HIV nucleic acid 

with: 

(i) a first polynucleotide probe comprising at least one component of a labeling system attached 
to a first single-stranded polynucleotide segment which has a sequence selected from the group 
consisting of 

5' CCTCCTCCAGGTCTGMGATCTCGGACTGATTGn 3' and 
5' GTCCACTGATGGGAGGGGCATACATTGCTTTTCCT 3'' 

(ii) a second polynucieotide probe comprising a first entity attached to a second singie-stranded 
polynucleotide segment having the other of the sequences; and 

(iil) a matrix having attached thereto a second entity which is specifically bindable with the first 
entity; 

(c) pemnitting hybridization of the i\rsi and second probes with any of the amplified copy number of 
HIV nucleic acid present and binding of the first entity with the second entity to produce a bound 
complex; 

(d) separating, if necessary, the bound complex from any unbound nucleic acid; and 

(e) determining the presence or absence of amplified HIV nucleic acid. 

28. A composition for determining single-stranded Epstein-Barr virus nucleic acid in a sample to be tested, 
which composition comprises: 

(a) oligonucleotide primers having the following sequences 

5' TTCGCGnGCTAGGCCACCTTCTCAGT 3' and 

CAAGACGAGGGAOGGAAaOGG^V\MGT 3' 

(b) mononucleotides of each of the four nucleic add bases; 

(c) nucleic acid polymerases capable of producing an extension product from the primers and 
mononucleotides which is complementary to the single strand of Epstein-Barr virus nucleic acid to 
which the primer is annealed; 

(d) a first polynucleotide probe comprising a universal label-capturing moiety attached to a first 
single-stranded polynucleotide segment which has a sequence selected from the group consisting of 



5' GATGCGACCAGAAATAGCTGCAG(5ACC 3' and 

5' CCTCTTACATnGTGT^^SACTCnTGuC 3' 

(e) a second polynucleotide probe having the other of the sequences; 

(f) a matrix to which the second polynucleotide probe is affixed; and 

(g) a universal label capturable by the first universal label-capturing moiety when the first poly- 
nucleotide probe is captured by hybridization to an amplified Epstein-Barr nucleic acid sequence 
which Is captured by hybridization with the matrix-affixed second polynucleotide probe. 

29, The composition of claim 28 wherein the universal label-capturing moiety is a poly-T sequence. 

30. The composition of ciaim 28 wherein the universal label-capturing moiety is avidin or streptavidin and 
its binding partner is biotin or a binding analog thereof, 

31. A method for the determining single-stranded Epstein-Barr virus nucleic acid in a sample to be tested, 
which method comprises: 

(a) amplifying the copy number of the Epstein-Barr virus nucleic acid using primers having the 
following sequences 

5' nCGCGTTGCTAGGCCACCnCTCAGT 3' and 
5' CAA6ACGAGGGAGGGAAGGGGAAAAGT 3' 

(b) contacting so as to permit hybrid formation of the amplified copy number of Epstein-Barr virus 
nucl&lc add with a first polynucJeotide probe comprising a first universal labei-capturing moiety 
attached to a first single-stranded polynucleotide segment which has a sequence selected from Itie 
group consisting of 

5' GATGCGACCAGAAATAGCTGCAGGAGC 3' and 

5' CCTCTTACAinGTGTGGACTCCTGtfC 3' 

ill 

(c) contacting the hybrid, under conditions permissive of hybridization, with a matrix-affixed second 
polynucleotide prot)e comprising a second sfngfe-stranded polynucleotide segment having the other 
of the sequences; and 

(d) permitting hybridization of the hybrid with the matrix-affixed second probe; 

(e) separating, if necessary, bound hybrid from any unbound nucleic acid; and 

(f) determining the presence or absence of Epstein-Banr virus nucleic acid, 

32, A composition for determining single-stranded Epstein-Barr virus nucleic acid in a sable to be tested, 
which composition comprises: 

(a) oligonucleotide primers having the sequences 

S' TTCGCGTTGCTAGGCCACCTTCTCAGT 3' and 
5' CAA6ACGAGGG/\GGGAA6GGGAAAAGT 3' 

(b) mononucleotides of each of the four nucleic acid bases; 

(c) nucleic acid polymerases capable of producing an extension product from the primer and 
mononucleotides which Is complementary to the single strand of Epsteta-Barr virus nucleic add to 
which the primer is annealed: 

(d) a first polynucleotide probe comprising at least one component of a labeling system attached to 
a first singie-stranded polynucleotide segment having a sequence selected from the group consist- 
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Ing of 

5' 6ATGCGACCAGAAATAGCTGCAGGACC 3' and 
5' CCTCTTACATTTGTGT6GACTCCTG6C 3' 

(e) a second polynucldoticie probe comprisfng a first entity attached to a second single-stranded 
poiynucleotide segment having the other of the sequences; and 

(f) a matrix having attached thereto a second entity which Is specifically bindable with the first entity, 

33, A method for detenmlning single-stranded Epstein-Barr virus nucleic acid in a sample to be tested. 

which method comprises: 

(a) ampiifying the copy number of the Epstein-Barr nucleic acid using primers having the following 
sequences 

5' TTCGCGTTGCTAGGCCACCTTCTCA6T 3' and 
5' CAAGACGAGGGAGGGAAGGGGAAAAGT 3' 

(b) contacting so as to permit hybrid fonmation of the amplified copy number of target nucleic acid 
with: 

(i) a first polynucleotide profc^e connprising at least one component of a labeling system attached 
to a first singie-stranded polynucleotide segment which has a sequence selected from the group 
consisting of 

S' GAT6CGACCAGAAATAGCTGCAGGACC 3' and 
5' CCTCTTACATTTGTGTGGACTCCTGGC 3'- 

0i) a second polynucleotide probe comprising a first entity attached to a second single-stranded 
polynucleotide segment having the other of the sequences; and 

(iii) a matrix having attached thereto a second entity which is specifically bindable with the first 
entity; 

(c) pemnitting hybridization of the first and second probes with any of the amplified copy number of 
Epstein-Ban* vims nucleic acid present and binding of the first entity with the second entity to 
produce a bound complex; 

(d) separating, if necessary, the bound complex from any unbound nucleic acid; and 

(e) detemnining the presence or absence of the amplified Epstein-Barr virus nucleic acid, 

34- A composition for determining single-stranded target nucleic acid in a sample, which composition 
comprises: 

(a) a matrix-attached capture polynucleotide for each single-stranded target nucleic acid of interest, 
which polynucleotide is capable of annealing selectively to a complementary portion of its target 
nucleic acid as well as serving as a primer for its target nucleic acid; 

(b) mononucleotides of each of the four nucleic add bases; 

(c) nucleic acid polymerases capable of produdng an extension product from the capture 
polynucleotide/primer and mononucleotides which is complementary to the single strand of target 
nucleic acid to which the capture polynucieotide/primer is annealed to provide matrix-bound 
amplified nucleic acid sequences; 

(d) a polynucleotide prot>e comprising at least one component of a labeling system attached to a 
singie-stranded polynucleotide segment which is hybridizable with a portion of the amplified, matrix- 
bound target nucleic acid. 

35. A method for determining single-stranded target nucleic acid In a sample to be tested, which method 
comprises: 
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(a) contacting so as to permit hybrid formation between the single-stranded target nucleic acid and a 
matrix-affixed capture polynucleotide for each single-stranded target nucleic acid of interest; 

(b) separating the hybridized target nucleic acid from the sample; 

(c> amplifying the copy number of the target nucleic acid to generate matrix bound amplified copy 
numbers of target nucleic acid; 

(d) contacting, under conditions permissive of hybridization, the amplified copy numbers with a 
polynucleotide probe comprising at least one component of a labeling system attached to a single- 
stranded polynucleotide segment which is hybridizabie with a portion of the amplified target nucleic 
acid; 

(e) permitting hybiidization to form a complex between amplified target nucleic acid and protje; 

(f) separating, if necessary, the bound probe from any unbound nucleic acid; and 

(g) detemnining the presence or absence of the bound amplified target by observing the bound label. 

36. A composition for determining singie-stranded target nucleic acid in a sample to be tested, which 
composition comprises: • 

(a) a matrix-attached capture polynucleotide for each single-stranded target nucleic acid of Interest, 
which polynucleotide is capable of annealing selectively to a complementary portion of its target 
nucleic acid; 

(b) an oligonucleotide primer for each single-stranded target nucleic acid of interest, which primer is 
capable of annealing selectively to a complementary portion of fts target nucleic acid; 

(c) mononucleotides of each of the four nucleic acid bases; 

(d) nucleic acid polymerases capable of producing an extension product irom the phrnQv and 
mononucleotides which is complementary to the single strand of target nucleic add to which the 
primer is annealed; 

(e) a first polynucleotide probe comprising at least one component of a labeling system attached to 
a first single-stranded polynucfaotide segment which is hybridizable with a first portion of the target 
nucleic acid; 

(f) a second poiynucleotide probe comprising a first BrMt/ attached to a second single-stranded 
poiy nucleotide segment which is hybridizabie with a second portion of the target nucleic acid; and 

(g) a matrix having attached thereto a second entity which is specifically bindabie with the first 
entity. 

37. A method for determining single-stranded target nucleic acid in a sample to be tested, which method 
comprises: 

(a) contacting the single-stranded target nucleic acid, under conditions permissive of hybridtj-ation. 
with at least one matrix-attached capture polynucleotide for each single-stranded target nucletd acid 
of Interest which polynucleotide is capable of annealing selectively to a complementary portion of its 
target nucleic acid; 

(b) separating the hybridized target nucleic acid from the sample; 

(c) amplifying the copy number of the target nucleic acid by adding primer non-overiapping with 
capture sequences to generate unbound amplified copy nurnbers of target nucleic acid; 

(d) contacting, so as to form a complex, the unbound amplified target nucleic acid with: 

(i) a first polynucleotide profc>e comprising at least one component of a labeling system attached 
to a first single-stranded polynucleotide segment which is hybridizabie with a first portion of the 
target nucleic acid; 

(ii) a second polynucleotide probe comprising a first entity attached to a second: single-sti'anded 
polynucleotide segment hybridizabie with a second portion of the target nucleic acid; 

(e) contacting the complex with a matrix having attached thereto a second entity which is specifically 
bindabie with the first entity; 

(f) separating. If necs^i^ary, the bound probe from any unbound nucleic acid; md 

(g) determining the prasence. or abaonce of the bound amplified target nucbic acid by observing the 
presence of tx}und label. 

S8. A composition for detenmining single-stranded HIV nucleic acid In a sample to be tested, which 
composition comprises: 

(a) matrix*attach0d capture polynucleotides having the following sequences 
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S' TG7GCAGGGGAATTTTTCTACTGTAA 3' and 
5' TATATAATTCACnClCCAAnGTCCCTCAT 3' 

6 

(b) mononucteotides of each of the four nucleic acid bases; 

(c) nucleic acid polymerases capable of producing an extension product from the .primers and 
mononucleotides which Is complementary to the single strand of HIV nucleic acid to which the 
primer is annealed; 

10 (d) a first polynucleotide probe comprising at least one component of a labeling system attached to 

a single-stranded polynucleotide segment which has a sequence selected from the group consisting 
of 

,5 5' CCTCCTCCAGGTCTGAAGATCTCGGACTCAncn 3' and 

5' GTCCACTGATGGGAGGGGCATACAnGCnnCCT 3'; 

(e) a second polynucleotide probe having the other of the sequences. 

20 

39. A method for determining single-stranded HIV nucleic acid in a sample to be tested, which meti^^od 
comprises: 

(a) contacting the single-stranded HiV nucleic acid so as to form a hybrid with matrix-affixed capture 
poiynucleotides/primers having the foliowing sequences 

2$ 

S^TGTGGASGGf^AATTTlTCTACTGTAA 3' and. 
SWATATAATTCTCTTCTCCMnGTCCCTCAT 3' 

30 

(b) separating the so-hybridized HIV nucleic acid from the sample; 

(c) amplifying the copy number of the HIV nucleic acid to generate matrix-bound amplified copy 
numbers of HIV nucleic acid; 

(d) contacting, under conditions pemiissive of hybridization/ the amplified copy number of HiV 
35 nucleic acid with a pplynucleotide probe comprising at least one component of a labeling system 

attached to a single-stranded polynucleotide segment selected from tiie group consisting of 

5' CCTCCTGCAGGTCTGAA6ATCTCG6ACTCATTGTT 3' and 
^ 5' GTCCACTGATGGGAGGGGCATACATTGCTTTTCCT 3'; 

(f) pemrjitting hybridization of the probe with ttie matrix-affixed HiV nucleic acid; 

(g) separating, if necessary, bound hybrid from any unbound nucleic acid; and 

45 (h) detenxiining the presence or absence of the amplified HIV nucleic acid by observing the 

presence or absence of bound labei. 

40. A composition for determining single-stranded target nucleic acid and for confirming tiie efficiency of 
amplification tiiereof in a sample containing a marker nucleic acid and suspected of containing target 

BO nucleic acid, which composition comprises: 

(a) an oligonucleotide primer for each single-stranded target nucleic acid In a reaction zone, which 
primer is capable of annealing selectively to a complementary portion of the singie-stranded target 
nucleic acid; 

(b) an oligonucleotide primer for each single-stranded marker nucleic add. wtiose copy number in 
65 the sample Is known, in tfie reaction zone, which primer is capable of annealing selectively to a 

complementary portion of the single-stranded marker nucleic add; 

(c) mononucleotides of each of the four nucleic acid bases; 

(d) nucleic acid polymerases capable of producing In tiie reaction zone extension products from tfie 
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primers and mononucieotides which are complementary to the single strand of target and marker 
nucleic acids, respectively, to which the primers are annealed; 

(e) a first polynucleotide target probe comprising at least one component of c first labeling system 
attached to a first single-stranded polynucleotide segment hybridizable with a first portion of the 

6 target nucleic acid; 

(f) a second polynucleotide target probe bound to a first test zone separate from the reaction zone 
and comprising a second single-stranded polynucleotide segment hybridizable with a second portion 
of the target nucleic acid; 

(g) a first polynucleotide marker probe comprising at least one component of a labeling system 
10 attached to a first single-stranded polynucleotide segment which is hybridizable with a first portion of 

the marker nucleic acid; and 

(h) a second polynucleotide marker probe bound to a second test zone separate from the reaction 

zone and the first test zone and comprising a second single-stranded polynucieotide segment 
hybridizable with a second portion of the marker nucleic acid. 

16 

41. A method for determining a single-stranded target nucleic acid and for confirming the efficiency of 
amplification thereof in a sample containing a marker nucleic acid and suspected of containing target 
nucleic acid, which method comprises: 

(a) contacting the sample in a reaction zone with an oligonucleotide primer capable of annealing 
20 selectively to a complementary portion of the singie-stranded target nucleic acid; 

(b) contacting the sample in the reaction zone contmnlng a known copy number of marker nucleic 
acid with an oligonucleotide primer capable of annealing selectively to a complementary portion of 
the single-stranded marker nucleic acid; 

(c) ampiifying the copy number of the target and marker nucleic acids in the reaction zone by 
25 contact with a nucleic acid polymerase; 

(d) contacting In the reaction zone, under conditions permissive of hybridization, the amplified copy 
number of target and marker nucleic acid with: 

(1) a first polynucieotide target probe, comprising at least one component of a first labeling 
system attached to a first single-stranded polynucieotide segment hybridizable with a first portion 
30 of the target nucleic acid and 

(ii) a first polynucleotide marker probe, comprising at least one component of a second labeling 
system attached to a first single-stranded polynucleotide segment hybridizable with a first portion 
of the marker nucleic acid; 

(e) permitting hybridization of the first marker and target probes with the amplified copy number of 
35 marker nucleic acid and any target nucielc acid which may be present, respectively, so as to fonm 

marker and target hybrids; 

(f) contacting a first aliquot of the sample so-treated in a first test zone separate from the reaction 
zone with a second polynucieotide target probe bound to she first test zone so as to permit 
hybridization of the second target probe with any of the amplified copy number of target nucleic acid 

40 present; 

(g) contacting a second aliquot of the sample so-treated in a second test zone separate from the 
reaction zone and the first test zone with a second polynucieotide marker probe bound to the 
second test zone so as to pemait hybridization of the second marker probe with the amplified copy 
number of marker nucleic acid; 

45 (h) separating, if necessary, from the test zones any unbound nucleic acid; and 

(!) determining the copy number of any target nucleic acid present in the first test zone and the copy 
number of marker nucleic acid in the second test zone. 



42. A composition for detenmining a singie-stranded target nucleic add and for confirming the efficiency of 
amplification thereof In a sample containing a marker nucleic acid and suspected of containing target 
nucleic acid, which composition comprises: 

(a) an oligonucleotide primer for each single-stranded target nucleic acid in a reaction zone, which 
primer is capable of annealing selectively to a complementary portion of the single-stranded target 
nucleic acid; 

(b) an oligonucieotide primer for each single-stranded nucleic acid whose copy number in the 
sample is knovm, in the reaction zone which primer is capable of annealing selectively to a 
complementary portion of the singie-stranded marker nucleic acid; 

(c) mononucieotides of each of the four nucleic acid bases; 
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(d) nucleic add polymerases capable of producing in the reaction zone extension products from the 
primers and mononucleotides which are complementary to the single strands of target and marker 
nucleic acids, respectively, to which the primers are annealed; 

(e) a first polynucleotide target probe comprising at least one component of a first lat)eling system 
attached to a first single-stranded polynucleotide segment hybrldizable wfth a first portion of the 
target nucleic acid; 

(f) a second polynucleotide target probe comprising a first entity attached to a second single- 
stranded polynucleotide segment hybridizable with a second portion of the target nucleic acid; 

(g) a target test zone having bound thereto a second entity which is spectfically bindable with the 
first entity; 

(h) a first polynucleotide marker prot>e comprising at least one component of a second lai:>eling 
system attached to a first single-stranded polynucleotide segment hybridizable with a first portion of 
the marker nucleic acid; 

(i) a second polynucleotide marker probe comprising a third entity attach6d to a second single- 
stranded polynucleotide segment hybridizable with a second portion of the marker nucleic acid; and 
Q) a target test zone having t>ound thereto a fourth entity which is specifically bindable with the third 
entity. 

43. The composition of claim 42 wherein the first and second Isibeling systems are the same and the first 
and second binding entity pair is different from the third and forth binding entity pair. 

44. The composition of claim 42 wherein the first and second labeling systems are distinguishably different 
and the first and second binding entity pair is the same as the third and forth binding entity pain 

45. A method for determining a single-stranded target nucleic acids and for confirming tt^e efnciency of 
amplification thereof in a sample containing a marker nucleic acid and suspected of containing target 

nucleic acid, which method comprises: 

(a) contacting the sample with an oligonucleotide primer for the single-stranded target nucleic acid in 

a fsactlcn zone, which piimer Is capable of annaaiing selectively to a complementary portion of the 
single-stranded target nucleic acid; 

(b) contacting the sample with an oligonucleotide primer for the single-stranded marker nucleic acid 
in the reaction zone, the copy number of which in the sample is known, which primer is capable of 
annealing selectively to a complementary portion of the singie-stranded marker nucleic acid; 

(c) amplifying in the reaction zone the copy number of the target and marker nucleic acids in the 
sample by contacting the sample with a nucleic acid polymerase; 

(d> contacting in the reaction zone, under conditions permissive of hybridization, the amplified copy 
number of target nucleic acid with: 

(i) a first polynucleotide target probe comprising a label moiety and a first single-stranded 

polynucleotide segment hybridlzabia with a first portion of the target nucleic acid attached to the 
label moiety; 

(ii) a second polynucleotide target probe comprising a second single-stranded polynucleotide 
segment hybridizable with a second portion of the target nucleic acid and a first entity attached to 
the second polynucleotide segment; 

(e) contacting in the reaction zone, under conditions permissive of hybridization, the amplified copy 
number of marker nucleic acid with: 

(i) a first polynucleotide marker probe comprising a label moiety and a first single-stranded 
polynucleotide segment hybridizable with a first portion of the marker nucleic acid attached to the 
iabe!; and 

(\\) a second polynucleotide marker probe comprising a second single-stranded polynucleotide 
segment hybridizable with a second portion of the marker nucleic acid and a third entity attached 
to the second polynucleotide segment; 

(f) pemnitting hybridization of (i) the first and second target probes with any of the amplified copy 
number of target nucleic acid present and fii) the first and second marker probes with the amplified 
copy number of marker nucleic acid present; 

(g) contacting an aliquot of the sample as treated in steps (aHf) with a second entity specifically 

bindable with the ^rst oa^ty In a first test zone which is separate from ^e reaction zone and to 
which the second entity is bound; 

(h) contacting another aliquot of the sample as treated in steps (aHf) with a fourth entity specifically 
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46. 



47. 



bindable with the third entity in a second test zone which is separate from the reaction zone and first 

test zone and to which the ^''^^}^J^;;^% ^ ^ny unbound nucleic acid: and 

(i) separating, ff necessary, nucleic add f ""f.*"/ the presence or absence 
0) determining the copy number of the amplified marker nucieic aciu *«■ k 

of any target nucleic acid. 

A composition for determining single-stranded HIV nucieic acid and for "'"fijj'^^ j^;^;^^^^^^^^ 
amdification thereof in a sample containing a mari<er nucleic acid, which compositon comprises, 
(a! HrollgonSeLe primers useful in a reaction zone having the following sequences 

5' TGTGGAGGGGAATTmCTACTGTAA 3 ' and 
5' TATATAATTCACTTCTCCAAnGTCCCTCAT 3' 

(h) an oliaonucieotide primer for each single-stranded marker nucleic acid whose copy number in 
SI ramXrkl^^Xh primer is capable of annealing selectively to a complementary portion of 
its single-stranded marker nucleic acid: 

(c) mononucleotides of each of tiie four nucleic acid bases: ^ ^ ^ „rimAr« anri 

S nucleic acid ooiymerases capable of producing extension products from the primers and 
Slnonudeot^^s irrcom^^mentary to ti.e single strand of target and marker nucle.c acds. 

;rtfpoTy:ud^^^^^^ a label moiety and a first s.ngle-stranded poly- 

SceotiS S^grnr^chrto^e label moiety. ti.e first single-stranded polynudeotide segment 
having a sequence selected from the group consisting of 

5' CCTCCTCeAGGTCTGAAGATCTCSGACTCATTGTT 3' and 

5' GTCCACTGATGGGAGGGGCATACATTGCTTTrCCT 3' 

(f) a second polynucleotide HIV probe having the oti^er of tiie sequences and being bound to a first 

zom separata from the reaction zone and the first test zone, 
sequences 

5' TGTGGAGGGGAATTTTTCTACTGTAA 3' and 
5' TATATAATTCAGTTCTCCAATTGTCCCTCAT 3' 
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number of the nucleic acid with a first HIV polynucleotide probe comprising a label moiety attached 
to a first single-stranded polynucleotide segment having an HIV-specific sequence selected from the 
group consisting of 

5' CCTCCTCCAGGTCTGAAGATCTCGGACTCATTGn 3' and 
5' GTCCACTGATGGGAGGGGCATACAnGCTTTTCCT 3' 

(f) permitting hybridization of the first HIV probe with any of the amplified copy number of nucleic 
acid present so as to fomn an HIV hybrid; 

(g) contacting in the reaction zone, under conditions permissive of hybridization, the amplified copy 
number of marker nucleic acid with a first polynucleotide marker probe comprising a label moiety 
attached to a first single-stranded polynucleotide segment hybridizable wfth a first portion of the 
marker nucleic acid; 

(h) permitting hybridization of the first marker probe with any of the amplified copy number of 
marker nucleic acid present so as to form a marker hybrid; 

(i) contacting in a first test zone separate from the reaction zone an aliquot of the sample as treated 
in steps (a)-(f). under conditions permissive of hybridization, with a second polynucleotide HIV probe 
comprising a second single-stranded polynucleotide segment bound to the first test zone and having 
the other of the HIV probe sequences; 

Q) contacting in a second test zone separate from the reaction zone and tiie first test zone a second 

polynucleotide marker probe comprising a single-stranded nucleic acid sequence hybridizable with a 

second portion of the marker nucleic acid and bound to the second test zone; 

(k) permitting hybridization of the hybrids with the test zone-affixed second probes; 

(I) separating, if necessary, nucleic acids bound to the test zones from any unbound nucleic acid; 

and 

(m) determining the copy number of the amplified marker nucleic acid and the presence or absence 

of any HIV nucleic acid, 

48, A composition for the determination of a plurality of single-stranded target nucleic acids in a sample to 
be tested, which composition comprises: 

(a) an oligonucleotide primer for each single-stranded target nucleic acid of interest, each of which 
primers is capable of annealing selectively to a complementary portion of the single strands of target 
nucleic acid; 

(b) mononucleotides of each of the four nucleic acid bases; | 

(c) nucleic acid polymerases capable of producing in a reaction zone extension products from the 
primers and mononucleotides, which extension products are complementary to the single strand of 
target nucleic acid to which a particular primer is annealed; 

(d) a first polynucleotide probe for each of the nucleic acid targets comprising a label moiety and a 
first single-sti'anded polynucleotide segment attached to the label moiety, each of the first single- 
stranded polynucleotide segment being hybridizable with a first portion of Its respective target 
nucleic acid; 

(e) a second polynucleotide probe for each of the nucleic acid targets comprising a second single- 
stranded polynucleotide segment hybridizable with a second portion of its target nucleic acid and 
being bound to a test zone separate from the test zones for each of the other target nucleic acids. 

49. A composition for determining a plurality of single-stranded target nucleic acids in a sample to be 

tested which comprises: 

(a) an oligonucleotide primer for each single-stranded target nucleic acid of interest, each of which 
primers is capable of annealing selectively to a complementary portion of the single strands of target 
nucleic acid; 

(b) mononucleotides of each of the four nucleic acid bases; 

(c) nucleic acid polymerases capable of producing in a reaction zone extension products from the 
primers and mononucleotides, which extension products are complementary to the single strand of 
target nucleic acid to which a particular primer is annealed; 

(d) a first polynucleotide probe for each of the nucleic acid targets comprising a label system 

component attached to a^rst singie-stranded polynucleotide segment hybridizable with a first 

32 
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portion of }ts target nucleic acid; 

(e) a second polynucleotide probe for each of the nucleic acid targets comprising a second single- 
stranded polynucleotide segment Inybridizable with a second portion of its target nucleic acid and a 
specific binding entity attached to the second polynucleotide segment; and 

(f) a plurality of test zones each separate from the reaction zone and from each of the other test 
zones and each having attached thereto a binding partner that will bind only with tiie specific binding 
enmy attached to the second probe for the target nucleic acid of interest 

A composition for the determination of singie-stranded target nucleic acid in a sample to be teslad, 
which composition comprises; 

(a) an oligonucleotide primer for each single-stranded target nucleic acid of Interest, which primer is 

capable of annealing selectively to a complementary portion of the single strand of target nucleic 

acid; 

(b) mononucleotides of each of the four nucleic acid bases; 

(c) nucleic acid polymerases capable of producing an extension product from the primer and 
mononucleotides which is complementary to the single strand of target nucleic acid to which the 
primer is annealed to provide amplified nucleic acid sequences; 

(d) a first polynucleotide probe comprising a first particle to which is attached a plurality of first 
singie-stranded polynucleotide segments complementary to a first portion of the target nucleic acid; 
and 

(e) a second polynucleotide probe comprising a second particle having attached thereto a plurality of 
second single-stranded polynucleotide segments complementary to a second portion of the target 
nucleic acid, 

A method for the determination of single-stranded target nucleic acid in a sample to be tested, which 

method comprises the steps of: 

(a) amplifying the copy number of the target nucleic acid; 

(b) contacting, under conditions permissive of hybridization, the target nucleic acid with 

(!) a first polynucleotide probe comprising a first parade to which is attached a plurality of first 
single-stranded polynucleotide segments complementary to a first portion of the target nucleic 
acid, and 

(ii) a second polynucleotide probe comprising a second particle having attached thereto a 
plurality of second single-stranded polynucleotide segments complementary to a second portion 
of the target genetic material; 

(c) pemiittlng hybridisation of the first polynucleotide segments to the first portion of target nucleic 
acid and the second segments to the second portion of target nucleic acid the hybridizations 
resulting in agglutination; and 

(d) detecting the agglutination. 
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